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THE  MONTANA  ENERGY  MODEL:   REPORT  AND  SUMMARY 

INTRODUCTION 

During  the  1970' s,  the  role  of  energy  in  a  modern  economy  has  ueen  brought 
into  focus.  This  awareness  can  be  attributed  to  several  factors,  but  perhaps 
the  most  visible  was  the  Arab  Oil  Embargo  of  1973;  this  action  was  the  turning 
point  responsible  for  focusing  public  attention  on  energy  needs.  To  say  that 
the  embargo  was  the  single  major  factor  in  generating  energy  awareness,  however, 
would  b2  fallacious.  The  1970's  ushered  in  a  new  public  philosophy  on  the 
environment,  both  social  and  physical,  which  questioned  the  uses  and  sources 
of  energy.  As  this  philosophy  developed,  concerned  citizens,  policy  makers, 
and  energy  planners  began  to  ask  the  traditional  economic  questions: 
Who  is  going  to  require  this  energy? 
How  much  energy  is  required? 
What  kind  of  energy  is  needed? 
For  what  purpose  will  the  energy  be  used? 
For  how  long  wi 1 1  the  energy  be  required? 

These  questions  have  become  increasingly  important  to  states  such  as 
Montana,  which  are  comparatively  undeveloped  industrially  and  relatively 
wealthy  in  terms  of  energy  sources.  When  this  unique  position  is  coupled 
with  the  environmental  philosophies  which  are  developing  in  the  state  and  the 
nation,  it  is  important  that  an  inventory  of  resources  be  performed  and  probable 
demands  for  those  resources  be  determined.  Once  this  information  is  known,  the 
economic  questions  can  be  addressed  meaningfully. 

The  goals  of  this  model  development  program,  therefore,  are  to  inventory 
the  current  supplies  and  demands  for  energy  resources  in  Montana  and  to  pro- 
ject future  supply/demand  scenarios.  This  model  uses  the  period  of  1975 
through  the  year  2000  as  its  time  frame. 

The  modeling  process  which  was  developed  consisted  of  four  phases: 
1)  Phase  I  identified  the  main  users  of  energy  in  Montana  and  the  interrelation- 
ship of  these  users;  2)  Phase  II  identified  the  needs  of  each  of  the  users  ,  by 
energy  source,  through  modeling  the  production  functions  of  each  user  group 
identified  in  Phase  I;  3)  Phase  III  identified  the  current  and  probable 
reserves  and  supplies  of  energy  resources  which  may  be  consumed  by  the  prospective 
users;  and  4)  Phase  IV  simulated  the  probable  demands  on  and  supplies  of  each 
energy  source  for  the  prediction  of  the  effects  of  any  shortages. 


Phase  IV  delineated  and  constructed  a  mathematically  oriented  model  for 
use  in  a  simulation  exercise.  A  model  is  a  simplified  analytical  framework, 
or  skeletal  representation  of  a  complex  problem,  to  help  determine  possible 
solutions  to  the  problem.  Mathematical  models  have  some  advantages  over 
other  models: 

•  Once  the  primary  factors  and  interrelationships  have  been  defined, 
attention  can  be  focused  on  these  factors  alone; 

•  A  great  body  of  logic  has  been  developed  in  mathematics  for  use  in 
rational  decision-making;  and 

•  The  analyst  is  forced  to  make  all  assumptions  explicit  at  each  step 
of  the  modeling  process. 

The  primary  modeling  technique  used  in  the  Montana  Energy  Model  is 
activities  analysis.  This  technique  allows  the  researcher  to  mathematically 
relate  changes  in  energy  demands,  employment,  and  demography  to  changes  in 
the  output  levels  of  industries  in  the  basic  sector.  (The  composition  of  the 
basic  and  other  sectors  is  given  in  Appendix  A,  Section  II.) 

Activity  analysis  models  are  static  equilibrium  models.  Equilibrium  for 
a  specified  model  is  a  condition  which  is  characterized  by  a  lack  of  a 
tendency  to  change.  This  equil ibrium  will  tend  to  pertetuate  itself,  barring 
any  changes  in  the  external  forces  which  govern  the  model. 

The  external  forces  which  influence  the  behavior  of  the  model  are  the 
major  points  of  emphasis  in  the  Montana  Energy  Model.  Those  factors  which 
can  be  modeled  readily  were  included  directly,  but  those  factors  not  amenable 
to  mathematical  modeling  (e.g.,  foreign  import/export  restrictions)  were 
analyzed  within  each  of  the  energy-producing  sectors. 

The  emphasis  of  the  model  on  external  factors,  which  influence  the  supply/ 
demand  profile,  accentuates  supply  because  of  the  open  nature  of  Montana's 
economy.  The  demand  for  energy  products  is  a  derived  demand  dependent  on  the 
demand  for  products  produced  in  Montana.  The  demand  for  the  major  products 
produced  in  Montana  is  dependent  not  only  on  the  national  economy,  but  the 
world  economy  and  world  prices  for  those  goods  produced  in  Montana  (e.g., 
agricultural  products,  lumber,  and  copper)- 


II.   THE  MODEL 


The  theoretical  framework  of  the  Montana  Energy  Model  is  composed  of 
eight  interfacing  components  and  six  modifying  parameters.  A  graphical  view 
of  the  components  and  their  interactions  with  the  parameters  and  other  components 
of  the  model  is  presented  in  the  attached  figure. 

A.   The  Components  of  the  Montana  Energy  Model 

The  eight  interfacing  components  defined  for  the  Montana  Energy  Model 
are  economic  activity,  employment,  energy  demand,  energy  supply,  population, 
work  force,  unemployment,  and  migration.  These  components  are  representative 
of  the  various  segments  of  Montana's  economy. 

The  six  modifying  parameters  are  productivity,  growth,  shortage,  price, 
labor  force  participation  rate,  and  the  national  unemployment  rate.  Modifying 
parameters  enable  the  model  to  simulate  changes  on  the  sector  influenced. 

1.  The  Economic  Activities  Component 

The  economic  activities  component  is  the  driving  component  of  the 
Montana  Energy  Model;  energy  demands  and  employment  are  functionally 
dependent  on  the  economic  activities  component.  As  activity  (output) 
increases  in  a  given  sector  (basic,  commercial,  or  residential),  the 
demand  for  energy  of  a  given  type  increases  proportionately.  This 
increased  activity  also  creates  new  employment,  which  in  turn  requires 
more  energy.  The  economic  activity  component  is  modified  by  the 
growth  parameter;  in  this  manner,  individual  industries  in  the  basic 
sector  are  able  to  grow  at  different  rates  and  the  effects  of  a  change 
in  activity  in  a  given  industry  on  the  economy  of  the  state  can  be 
assessed. 

2.  The  Employment  Component 

The  employment  component  is  postulated  to  be  a  derived  demand  for 
la^or  based  on  the  level  of  output  in  the  economic  activities  component. 
The  employment  component  consists  of  two  sectors,  the  basic  (goods- 
producing)  and  the  commercial  (service-producing).  The  commercial 
sector  is  defined  to  be  a  function  of  employment  in  the  basic  sector. 
This  relationship  is  readily  shown  by  example:  as  basic  sector 
employment  increases,  the  demand  for  commercial  sector  services  such 
as  doctors,  lawyers,  and  mechanics,  etc.  increases.  The  employment 
component  is  modified  by  the  parameter  productivity;  this  parameter 
allows  the  model  to  assess  the  effects  of  a  change  in  the  productivity  of 
workers  in  a  given  industry. 
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3.  The  Energy  Demand  Component 

The  energy  demand  component  measures  the  flow  of  energy  products  of 
a  given  type  required  to  sustain  the  activity  specified  by  the  economic 
activities  component.  This  component  also  measures  the  flow  of  energy 
products  required  to  sustain  the  derived  levels  of  activity  in  the 
commercial  and  residential  sectors. 

The  energy  demand  component  is  modified  by  the  price  and  shortage 
parameters.  The  price  parameter  is  an  adjustment  for  inter-fuel  substitution 
and  conservation  effects  caused  by  increases  in  the  relative  costs  of  fuels, 
particularly  fuels  used  for  process  heat.  This  inter-fuel  substitution  is 
clearly  evident  in  the  state's  industrial  producers.  For  example,  the 
major  cement  producers  recently  have  switched  from  natural  gas  to  coal 
as  a  source  of  process  heat,  primarily  because  of  the  relative  price 
differentials.  The  shortage  parameter  places  an  absolute  value  on  the 
level  of  energy  of  a  given  type  which  is  available  at  any  given  point  in 
time.  This  parameter  causes  both  an  adjustment  in  the  demand  coefficients 
and  the  level  of  possible  economic  activity. 

4.  The  Energy  Supply  Component 

The  energy  supply  component  is  an  inventory  of  the  current  stock  of 
reserves  available  for  consumption  in  a  given  time  period.  This  component 
determines  the  shortage  parameter. 

5.  The  Population,  Work  Force,  Unemployment,  and  Migration  Components 
The  population  component  is  closely  linked  to  the  work  force, 

unemployment,  and  migration  components.  The  population  component  supplies 
the  derived  demand  for  labor  created  by  the  economic  activities  component. 
It  also  determines  the  energy  demands  of  the  residential  sector.  When 
modified  by  the  labor  force  participation  rate  parameter,  the  population 
estimate  ultimately  determines  the  size  and  composition  of  the  work  force. 
When  the  work  force  is  compared  with  the  load  of  employment  generated 
by  the  economic  activities  and  employment  components,  the  unemployment 
component  can  be  estimated.  The  unemployment  component  is  compared  in  turn 
to  the  national  unemployment  parameter  to  estimate  the  migration  component. 
The  migration  level  then  determines  the  composition  of  the  population  in 
the  subsequent  time  period. 


B.   The  Simulation  Model --A  Modular  Approach 

For  purposes  of  constructing  a  computer  simulation  model,  the  components 
and  parameters  discussed  in  the  preceding  section  can  be  grouped  into  three 
working  modules:  1)  an  energy  demand  module  consisting  of  the  economic  activity, 
energy  demand,  and  employment  components  and  their  respective  modifying  para- 
meters; 2)  supply  module  submodels  which  assess  the  supplies  of  energy  and  the 
source  of  those  supplies;  and  3)  a  demographic  module  which  assesses  the  population, 
work  force,  unemployment,  and  migration  components  with  their  respective 
modifying  parameters. 

1 .   The  Demand  Module 

The  demand  module  computes  the  desired  level  of  output  in  a  given 
industry  (OUTPUT^  at  any  point  in  tine  (t)  by  modifying  the  output  in 
the  previous  time  period  (t-1)  with  the  exogenously  determined  parameter, 
growth: 

OUTPUT n.  t=  (0UTPUTi  fc_1 )   (GROWTH.)  (Eq.  1) 

Once  the  desired  level  of  output  in  each  of  the  basic  subsectors  has 
been  computed,  the  demand  module  computes  the  level  of  employment  necessary 
to  sustain  that  production  level.  This  is  accomplished  through  the  use 
of  fixed  output  to  employment  ratios  (OUTEMP) .  These  ratios  can  be  modified 
by  the  exogenous  parameter,  productivity  (PROD).  Therefore,  employment 
in  a  given  subsector  (ESS-)  is  defined  in  the  followina  way: 

ESS.  -  (OUTPUT. )/(0UTEMP.)   (PROD.)  (Eq.  2) 

Employment  in  the  derivative  or  commercial  sector  (COMEMP)  is  defined 
as  a  function  of  basic  sector  employment.  This  is  estimated  by  the  model 
as  a  multiplier  relationship  dependent  on  population  levels,  productivity, 
and  basic  sector  employment  levels.  Once  the  level  of  employment  in  the 
commercial  sector  is  calculated,  it  is  allocated  among  the  respective 
subsectors  by  using  fixed-employment  share  percentages. 

The  demand  module  estimates  the  quantity  of  a  given  type  of  energy 
demanded  on  the  basis  of  output  in  the  basic  sector,  employment  in  the 
commercial  sector,  and  population  levels  in  the  residential  sector. 
Energy  use  coefficients  are  estimated  for  each  of  the  basic  and  commercial 


sectors  by  dividing  the  total  amount  of  a  given  source  of  energy  by  the 
level  of  output  or  employment  in  that  sector.  Energy  use  coefficients  for 
the  residential  sector  are  based  on  previous  studies  of  that  sector's 
energy  consumption. 

2.   The  Supply  Module 

The  supply  module  consists  of  four  separate  submodels:  coal,  oil, 
natural  gas,  and  electricity. 

a.  The  Coal  Submodel 

The  coal  submodel  assumes  supply  will  be  equal  to  demand  over 
the  time  frame  of  the  model.  Working  with  this  assumption,  three 
demand  scenarios  for  Montana  coal  are  developed,  each  scenario  beina 
predicated  on  a  different  set  of  environmental  legislation  (particularly 
sulfur  emission  standards)  and  transportation  costs.  Probable  users 
of  Montana  coal  are  identified  in  each  of  the  scenarios. 

b.  The  Oil  Submodel 

The  oil  submodel  focuses  its  attention  on  the  supply  and 
distribution  of  crude  oil  products  in  Montana.  Specific  attention 
is  placed  on  the  Canadian  import  restrictions  and  the  probable 
effects  of  their  curtailment. 

The  oil  supply  submodel  consists  of  two  linked  components:  an 
oil  discoveries  submodel  and  an  allocation  submodel.  The  allocation 
submodel  is  included  to  compensate  for  the  distribution  system's 
inability  to  deliver  the  bulk  of  Montana  crude  to  Montana  refineries  . 
The  allocation  procedure  utilized  is  simple:  a  five-year  moving 
average  of  the  percentage  of  production  available  for  Montana 
refineries  is  computed  and  applied  to  anticipated  production. 

The  approach  taken  with  the  crude  oil  discovery  submodel  is 
predicated  on  three  behavioral  assumptions: 

Investment  in  exploratory  drilling  is  a  function  of  the 
anticipated  return  on  that  activity  (e.g.,  higher  oil  prices 
stimulate  exploration); 

•  The  productivity  of  each  successive  dollar  spent  on  drilling 
decreases  as  the  finite  amount  of  undiscovered  oil  reserves 
decreases  (i.e.,  the  probability  of  success  decreases  with 
respect  to  the  amount  of  oil  discovered);  and 


Major  discoveries  of  oil  will  encourage  additional  exploration 
because  of  the  increased  knowledge  gained  through  that  effort 
and  also  because  of  the  increased  psychological  incentives 
which  result  from  a  major  discovery. 
Each  of  these  behavioral  characteristics  is  demonstrated  to 
some  degree  in  the  historical  data  (e.g.,  the  Bell  Creek  discovery 
of  1967).  Recent  increases  in  the  world  price  of  oil  also  have 
encouraged  additional  drilling  and  drilling  expenditures. 

c.   The  Natural  Gas  Supply  Submodel 

The  natural  gas  supply  submodel  examines  the  current  and 
probable  future  sources  of  supply  and  reserves  for  each  of  the 
three  major  producers  of  natural  gas  in  Montana.  These  producers 
are  the  Montana  Power  Company  (MPC),  Northern  Natural  Gas 
Company  (NNG),  and  the  Montana-Dakota  Utilities  Company  (MDU). 
The  natural  gas  submodel  also  examines  the  distribution  system, 
prices,  and  regulatory  constraints  in  the  natural  gas  industry. 

Five  probable  sources  for  future  natural  gas  supplies  are 
evaluated.  These  sources  are  Montana,  Wyoming,  Canada,  the 
Arctic,  and  coal  gasification.  Using  the  information  compiled 
about  each  source,  a  mathematical  model  was  developed  which 
minimizes  the  cost  to  the  consumer.  This  model  considers  the 
following  points: 

•  Declining  industrial  demands  caused  by  higher  prices  and 
uncertain  supply; 

•  Institutional  constraints  placed  on  production  in  the  form 
of  production  quotas  and  take-or-pay  contracts; 

"  Large  number  of  potential  supply  points,  eacn  subject  to 
a  different  probability  of  success  and  a  different  price 
per  thousand  Btu's  of  gas  delivered; 

•  Physical  resource  limitations  associated  with  given  supply 
points; 

•  Potential  for  changes  in  end-use  efficiencies;  and 

•  Random  peak  loads  which  never  can  be  eliminated  totally. 
The  Montana  Energy  Model  uses  a  linear  programming  algorithm 

with  explicit  compensation  for  the  probalistic  nature  of  gas 
production  and  supply.  Linear  programming  techniques  are  used  for 


optimizing  an  objective  function  subject  to  mathematical  side 
conditions  or  constraints. 

Four  basic  types  of  constraints  can  be  identified  in  the 
linear  program.  These  are  supply,  capacity,  demand,  and  peaking 
(or  balance)  equations.  Supply  equations  constrain  the  program  to 
remain  within  the  physical  constraint  of  each  resource.  Capacity 
equations  compensate  for  the  institutional  constraints  associated 
with  each  field;  these  constraints  may  set  either  upper  or  lower 
boundaries  on  the  supply  of  gas  from  any  given  resource.  Demand 
equations  allow  the  model  to  compensate  for  changes  in  efficiency, 
industrial  consumption,  etc.  Peaking  and  balance  equations  force 
the  system  to  maintain  an  available  reserve  to  compensate  for  the 
random  nature  of  peak  loads. 

d.   The  Electrical  Supply  Submodel 

The  electrical  supply  submodel  examines  the  current  productive 
capacities  of  each  of  the  major  producers/distributors  of  electrical 
power  in  the  state.  Specific  attention  is  placed  on  the  commitment 
of  federally  produced  power.  Existing  and  planned  thermal  and 
hydroelectric  facilities  are  examined  with  respect  to  ownership 
and  load  commitments.  The  load  structure  of  the  state  also  is 
examined  closely. 

Given  the  supply  and  load  configurations  existing  within  the 
state,  the  modeling  procedure  used  for  electrical  power  in  the 
Montana  Energy  Model  follows: 

•  To  model  only  utility  type  loads  (both  industrial  and  non- 
industrial)  and  assume  the  increases  in  these  loads  subject 
to  the  variables  in  the  energy  demand  submodel; 

•  To  assume  all  increased  electrical  qeneration  to  be  coal- 
fired  thermal  facilities  of  250  megawatt  capacity,  and  base- 
loaded  for  production; 

•  To  assume  peak  generation  loads  to  be  55  percent  of  the 
annual  generation;  and 

•  To  add  the  aluminum  reduction  load  into  the  total  load  for 
the  period  1978  to  1987  in  order  that  the  employment  and 
demographic  models  can  assess  the  impacts  of  aluminum  production 
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in  Montana;  after  the  year  1987  the  aluminum  load  is 
not  considered. 
The  last  parameter  appears  reasonable  in  the  face  of  rapidly 
increasing  transportation  costs  and  changes  in  the  reduction 
process  working  together  to  reduce  the  economic  advantage  of 
cheap  electricity  presently  available  in  Montana.  The  Anaconda 
Aluminum  contract  with  the  Bonneville  Power  Administration  (BPA) 
also  ends  in  1987  and  current  estimates  indicate  that  all  BPA 
resources  will  be  committed  elsewhere  at  that  time. 

The  algorithm  used  for  the  mathematical  model ina  of  electrical 
supplies  is  a  linear  programming  method.  Linear  programming  is  a 
mathematical  technique  where  an  objective  function  is  minimized  or 
maximized,  subject  to  a  number  of  constraint  equations. 

There  are  four  basic  types  of  constraint  equations  in  the 
electrical  supply  model.  They  are  supply,  capacity,  demand,  and 
peaking  and  balance  equations: 

.  Supply  equations  limit  the  amount  of  any  given  resource 

which  may  be  used  at  a  given  point  in  time. 
.  Capacity  equations  limit  the  generating  capacity  of  certain 
types  of  plants.  This  is  of  particular  importance  to  hydro- 
electric facilities  where  there  is  a  finite  number  of 
potential  sites  for  hydroelectric  production.  Coefficients  in 
the  capacity  equation  depend  upon  load  factors  and  plant 
factors.  Load  factors  represent  demand  duration.  The  load 
factor  is  a  ratio  of  peak  demand  to  total  demand  for  the 
respective  facility.  The  plant  factor  is  defined  similarly 
as  the  service  stream  available  from  a  given  facility.  At 
best,  no  facility  can  produce  at  a  factor  exceeding  unity, 
but  in  reality  there  are  maintenance  requirements,  both 
scheduled  and  unscheduled,  which  reduce  the  plant  availability 
to  some  lesser  quantity.  The  electrical  supply  submodel  allows 
a  maximum  plant  factor  of  0.8  production  in  Montana. 
This  is  representative  of  the  history  of  production  in 
Montana. 
.  Demand  equations  address  the  efficiency  at  which  the  electricity 
is  converted  to  final  demand.  For  example,  there  are  efficien- 
cies to  be  considered  in  the  transmission  of  electrical  power 
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from  the  point  of  generation  to  the  ultimate  user.  Demand 
equations  also  can  be  used  to  simulate  changes  in  consumption 
technology. 
•  Peaking  and  balance  equations  are  necessary  when  attempting 
to  model  the  electrical  component  of  the  model.  Peak  demands 
are  random  and  cannot  be  entirely  eliminated  even  with  greatly 
improved  load  scheduling.  The  peak  equation  forces  the  model 
to  generate  at  least  a  portion  of  peak  load  with  devices 
specifically  designed  for  peaking  power  production  (e.g., 
fuel  cells,  gas  turbines,  etc.).  These  peaking  facilities 
will  have  a  load  factor  of  about  0.1.  Balance  equations 
maintain  an  optimal  mix  between  facilities  designed  for  base 
loads,  intermediate  loads,  and  peaking  device  loads. 

3.   The  Demographic  Module 

The  demographic  module  of  the  Montana  Energy  Model  has  one  primary 
goal:  the  projection  of  population  levels  in  any  given  year.  The  pro- 
jection is  used  to  estimate  the  work  force,  net  migration,  and  the  energy 
demands  of  the  residential  sector. 

The  module  utilizes  a  cohort-survival  technique  in  order  to  estimate 
the  number  of  births  and  the  age  distribution  of  the  population,  and  sub- 
sequently, the  size  of  the  work  force.  Cohort-survival  models  are  based 
on  the  observation  that  each  age  group  (cohort)  has  different  survival 
and  fertility  rates.  Thus,  as  the  age  distribution  of  the  population 
changes,  the  number  of  births  and  deaths  will  change  accordingly. 

The  demographic  submodel  has  two  unique  features  not  usually  found 
with  cohort-survival  models:  1)  an  estimate  of  the  work  force,  and  2)  a 
migration  component  based  on  the  level  of  employment.  The  work  force 
estimation  is  computed  through  applying  labor  force  participation  rates 
to  each  cohort. 

The  migration  component  computes  the  net  migration  on  the  basis  of 
differences  in  employment  in  the  state,  as  opposed  to  the  nation.  This 
method  makes  the  implicit  assumption  that  the  labor  force  will  migrate 
to  find  work.  For  example,  if  state  unemployment  exceeds  national 
unemployment,  there  will  be  a  net  out-migration.  The  level  of  state 
employment  is  endogenous  to  the  energy  model  (in  the  employment 
submodel),  and  the  level  of  national  unemployment  is  set  at  six  percent, 
the  stated  policy  goal  of  the  current  administration. 
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III.      BASELINE   ESTIMATE 

The  Montana  Energy  Model  has  been  run  under  a  number  of  input  conditions. 
The  baseline  case  allows  for  a  one  percent  annual  growth  in  all  industries 
except  coal  mining.  Coal  mining  increases  at  four  percent  (see  Appendix  A, 
Section  IV,  for  assumption). 

A.  Coal  Demand  and  Supply 

Baseline  demands  for  coal  indicate  that  coal  extraction  will  increase 
from  approximately  26  million  tons  in  1976  to  nearly  70  million  tons  per 
year  in  the  year  2000.  This  growth  will  make  the  coal  industry  the  second 
largest  industry  in  Montana  at  that  time.  Export  trade  will  create  nearly 
all  the  growth  in  coal  demand.  Minor  intrastate  growth  in  demand  is 
expected  as  a  result  of  increased  coal -fired,  thermal -electric  generation 
and  as  a  process  heat  substitute  for  natural  gas. 

B.  Oil  Demand  and  Supply 

Baseline  estimates  for  the  supply  and  demand  of  crude  oil  products  indicate 
a  shortage  of  crude  oil  (especially  condensate)  in  the  immediate  future, 
barring  favorable  changes  in  Canadian  oil  export  policies.  This  shortage  will 
occur  even  with  no  growth  in  the  industry  because  of  scheduled  reductions  in 
Canadian  exports.  At  the  present  time,  crude  oil  supply  shortages  are  being 
avoided  through  the  use  of  exchanges:  Canadian  crude  to  Montana  in  exchange 
for  gulf  coast  and  Arabian  crude  in  eastern  Canada.  While  this  exchange 
system  adds  a  considerable  amount  of  long-term  supply  risk  to  Montana  refineries 
supplies  of  Canadian  crude  oil  to  Montana  are  expected  to  continue  on  an  exchange 
basis  in  the  near  to  intermediate  future.  These  exchanges  are  mutually 
beneficial  to  Montana  and  Canada:  Canada  has  no  means  of  economic  transport 
of  crude  oil  products  to  its  eastern  refineries  and  also  reduces  its  balance 
of  trade  deficits  by  the  exchange  (as  opposed  to  the  purchase)  of  etude  oil. 
Montana  and  other  Northern  Tier  refineries  presently  do  not  have  the  abilities 
to  process  the  higher  sulfur  gulf  coast  and  foreign  crude  oils.  Current 
proposals  which  may  also  alleviate  shortages  in  crude  oil  include  the  proposed 
Kittimat  and  Northern  Tier  pipelines.  These  pipelines  would  carry  Alaskan 
and  other  Arctic  crude  oils  into  the  Northern  Tier  and  midwestern  states. 
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C.  Natural  Gas  Demand  and  Supply 

Baseline  predictions  for  natural  gas  demands  indicate  a  decline  in 
natural  gas  demands  from  the  current  80  billion  cubic  feet  per  year  (bcf) 
to  approximately  50  bcf  in  the  year  2000.  This  reduction  primarily  is  caused 
by  a  price  response  of  industrial  users,  demonstrated  by  the  reduction  of 
industrial  demands  for  natural  gas  of  6  bcf  from  1975  to  1976.  Further 

declines  in  natural  gas  usage  in  the  commercial  and  residential  sectors  is 

due  to  price  resistance  and  conservation  efforts.  Natural  gas  supplies 

do  not  appear  to  be  critical  over  the  time  frame  of  the  model.  Recent  discoveries 

of  10  to  20  trillion  cubic  feet  of  natural  gas  in  Canada  most  probably  will 

increase  export  allotments  to  the  United  States  as  the  Canadian  government 

tries  to  reduce  its  balance  of  trade  deficit. 

D.  Electricity  Supply  and  Demand 

Baseline  demands  for  electricity  indicate  a  rapid  conversion  to  baseload 
production  of  electricity  using  coal-fired  thermal -electric  facilities.  The 
hydroelectric  resources  currently  used  for  baseload  compensate  for  peaking 
power.  Further  peak  load  facilities  are  required  in  addition  to  the  hydro- 
electric peaking  capacity.  The  price  of  electricity  is  expected  to  rise  as 
peak  loads  increase.  This  increase  in  peak  loads  reduces  the  average  load 
factor  for  the  system,  and  subsequently,  the  average  price  of  electricity 
rises.  In  addition  to  the  change  in  the  load  factor,  prices  rise  because 
of  the  use  of  more  expensive  fuels  (e.g.,  gas  turbines  for  peaking  power 
production). 

E.  Demographic  Changes 

Baseline  demographic  predictions  indicate  a  population  of  approximately 
935,000  in  the  year  2000.  Over  the  time  period,  the  median  age  of  the  popu- 
lation increases  and  the  fertility  rate  for  the  population  declines,  contri- 
buting to  the  relatively  small   growth   in  the  population. 
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IV.   CONCLUSION 


The  primary  contribution  of  the  Montana  Energy  Model  is  the  ability  to 
assess  the  changes  in  the  energy  demand  profiles  and  employment  effects  of  a 
change  in  a  given  sector  of  the  economy.  The  model  uses  an  engineering-oriented 
approach  to  relate  outputs  to  energy  and  labor  inputs.  While  this  is  a  good 
technique  for  predicting  the  derived  demands  of  energy  sources,  it  does  not 
explain  the  forces  which  cause  the  change  in  the  economic  activities  sector. 
This  is  not  a  critical  shortcoming  of  the  model,  but  rather  a  recognition 
that  the  model  should  be  used  as  a  component  of  a  larger,  more  comprehensive 
study  of  the  state's  economy. 
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I.  OVERVIEW  OF  THE  MONTANA  ENERGY  MODEL 

During  the  1970' s,  the  role  of  energy  in  a  modern  economy  has  been  brought 
into  focus.  This  awareness  can  be  attributed  to  several  factors,  perhaps  the 
most  visible  of  which  was  the  Arab  Oil  Embargo  of  1973.  This  action  was  the 
turning  point  responsible  for  directing  public  attention  to  energy  needs.  To 
say  that  the  embargo  was  the  single  major  factor  in  generating  energy  awareness, 
however,  would  be  fallacious.  The  1970 's  ushered  in  a  new  public  philosophy  on 
the  environment,  both  social  and  physical,  which  questioned  the  uses  and  sources 
of  energy.  As  this  philosophy  developed,  concerned  citizens,  policy  makers, 
and  energy  planners  began  to  ask  the  traditional  economic  questions: 

Who  is  going  to  require  energy? 

How  much  energy  is  required? 

What  kind  of  energy  is  needed? 

For  what  purpose  will  the  energy  be  used? 

For  how  long  will  the  energy  be  required? 

These  questions  have  become  increasingly  important  to  states  such  as 
Montana,  which  are  comparatively  undeveloped  industrially  and  relatively 
wealthy  in  terms  of  energy  sources.  When  this  unique  position  is  coupled 
with  the  environmental  philosophies  developing  in  the  state  and  the 
nation,  it  is  important  that  an  inventory  of  resources  be  performed  and  probable 
demands  for  those  resources  be  determined.  Once  this  information  is  known,  the 
economic  questions  can  be  addressed  meaningfully. 

The  goals  of  this  model  development  program,  therefore,  are  to  inventory 
the  current  supplies  and  demands  for  energy  resources  in  Montana  and  to  pro- 
ject future  supply/demand  scenarios.  This  model  uses  the  period  of  1975  through 
the  year  2000  as  its  time  frame. 

The  approach  used  was  to  develop  a  model  of  Montana's  economy  from  which 
energy  demands  could  be  estimated,  the  overall  structure  of  which  is  shown  in 
Figure  1-1 .  The  industrial  and  commercial  demands  for  energy  are  based  on  the 
levels  of  output  in  their  respective  sectors  of  the  economy;  the  residential 
demands  for  energy  are  based  on  the  size  of  the  population  and  subsequently 
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FIGURE  1-1 
Overall  Structure  of  the  Montana  Energy  Model 
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the  number  of  households. 

The  modeling  process  which  was  developed  consisted  of  four  phases: 
1)  Phase  I  identified  the  main  users  of  energy  in  Montana  and  the  interrela- 
tionship of  these  users;  2)  Phase  II  identified  the  needs  of  each  of  the  users 
by  source  of  energy  by  modeling  of  the  production  functions  of  each  user  group 
identified  in  Phase  I;  3)  Phase  III  identified  the  current  and  probable  reserves 
and  supplies  of  energy  resources  which  may  be  consumed  by  the  prospective  users; 
and  4)  Phase  IV  used  a  simulation  exercise  to  test  the  probable  demands  on  and 
supplies  of  each  energy  source  and  to  predict  the  effects  of  any  shortages. 

The  theoretical  framework  of  the  Montana  Energy  Model  is  composed  of 
eight  interfacing  sectors  and  six  modifying  parameters.  A  graphical  view  of 
the  sectors  and  their  interactions  with  the  parameters  and  other  sectors  of 
the  model  is  presented  in  Figure  1-1. 

The  mathematical  framework  of  the  model  is  developed  in  section  VII.  The 
mathematical  formulation  of  each  component  is  discussed  with  the  respective 
component.  The  rigor  associated  with  the  mathematical  formulation  varies  from 
one  component  to  another,  depending  on  the  subject  material  discussed. 

A.   The  Components  of  the  Montana  Energy  Model 

The  eight  interfacing  components  defined  for  the  Montana  Energy  Model  are 
economic  activity,  employment,  energy  demand,  energy  supply,  work  force, 
unemployment,  and  migration.  These  sectors  are  representative  of  the  various 
segments  of  Montana's  economy. 

1 .  Economic  Activity 

Economic  activity  is  the  driving  force  behind  the  model.  As  economic 
activity  increases,  the  demand  for  energy  increases.  Simultaneous  with 
the  increased  activity  is  an  increase  in  the  demand  for  labor;  hence, 
employment  increases. 

2.  Employment 

Employment  is  a  derived  demand  for  labor  arising  from  economic  activity 
or  output  in  a  given  sector  of  the  model.  Employment  is  disaggregated  into 
basic  and  non-basic  groups  in  order  to  compensate  for  differing  employment 
multipliers  in  each  sector. 
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3.  Energy  Demand 

Energy  demand  is  the  flow  of  energy  products  required  to  sustain 
economic  activity.  This  includes  the  flow  of  raw  materials,  such  as 
crude  oil  to  a  refinery  or  coal  to  a  thermal  electric  generation  facility, 
and  the  flow  of  such  energy  items  as  gasoline  and  heating  fuel;,  to  the 
residential  sector. 

4.  Energy  Supply 

The  energy  supply  is  the  stock  of  current  energy  reserves  and 
anticipated  future  reserves. 

5.  Population 

Population  is  the  gross  population  from  which  the  work  force  is 
drawn  and  represents  the  number  of  persons  which  require  a  basic  energy 
source. 

6.  Work  Force 

The  work  force  is  the  total  number  of  persons  employed  or  seeking 
employment  in  a  given  time  period. 

7.  Unemployment 

Unemployment  is  the  difference  between  the  work  force  and  the 
level  of  employment  needed  to  sustain  the  economic  activity. 

8.  Migration 

Migration  is  the  net  influx  or  outflow  of  persons  into  the 
population  and,  therefore,  into  the  work  force. 

B.   The  Modifying  Parameters  of  the  Montana  Energy  Model 

The  six  modifying  parameters  of  the  Montana  Energy  Model  are  briefly 
defined  below.  The  parameters  are  productivity,  growth,  shortage,  price,  labor 
force  participation  rate,  and  the  national  unemployment  rate.  Modifying  para- 
meters enable  the  model  to  simulate  changes  in  the  components. 

1.   Productivity 

Productivity  provides  the  link  between  output  and  employment.  The 
use  of  this  parameter  as  a  modifier  rather  than  a  constant  allows 
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the  model  to  compensate  partially  for  changes  in  technology,  labor  effi- 
ciency, and  capital  efficiency.  However,  the  model  is  not  able  to  differ- 
entiate between  the  sources  of  the  change. 

2.  Growth 

Growth  provides  the  model  with  the  ability  to  simulate  a  changing 
economy  by  allowing  economic  growth  in  the  individual  sectors. 

3.  Shortage 

Shortage  is  a  parameter  which  will  allow  the  model  to  assess  the 
effects  of  a  shortage  in  a  given  form  of  energy. 

4.  Price 

Price  is  the  equilibrating  device  between  the  supply  and  demand  of 
energy,  assuming  no  external  constraints  such  as  price  discrimination  or 
enforced  rationing. 

5.  Labor  Force  Participation  Rate 

This  rate  is  the  link  between  the  population  and  the  work  force. 
Changes  in  this  parameter  will  allow  the  model  to  simulate  a  demographic 
change,  such  as  changes  in  the  median  age  or  the  entry  and  exit  of  women 
into  the  labor  force. 

6.  National    Unemployment  Rate 

This  rate  is  the  link  to  migration.  If  unemployment  in  the  region 
is  significantly  different  than  in  the  United  States  as  a  whole,  the 
labor  force  will  tend  to  move  in  the  indicated  direction  to  seek  employ- 
ment. 
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II.  THE  ECONOMIC  ACTIVITIES  SUBMODEL 

The  economic  activities  submodel  is  used  to  predict  the  level  of  output 
in  a  component  (i)  during  a  specific  time  period  (t).  The  growth  in  economic 
activity  in  sector  (i)  can  be  attributed  to  a  number  of  factors  including 
natural  growth,  technological  change,  etc.  This  growth  is  reflected  in  the 
input  parameter  growth.  Thus,  the  economic  activity  in  sector  (i)  in  time 
period  (t+1)  can  be  shown  as 

Activity  .  t+]  =  (Activity..  t)  (Growth^  (Eq.  II-l) 

The  rationale  behind  using  an  input  parameter  to  reflect  growth  lies  in 
the  use  of  the  model  for  simulation  purposes;  hence,  one  may  stimulate  a 
particular  sector  (for  example,  coal  mining)  in  order  to  assess  the  effects 
of  parameter  fluctuations  on  the  economy  and  energy  demand  as  a  whole. 

A.  The  Composition  of  the  Economic  Activities  Component 

When  discussing  the  composition  of  the  economic  activities  in  any 
economic  entity,  such  as  a  state,  the  primary  issue  is  the  level  of  disaggrega- 
tion desired.  The  greater  the  level  of  disaggregation  that  is  desired,  the 
more  difficult  the  data  collection  process  becomes.  In  recognition  of  the 
virtual  impossibility  of  a  completely  disaggregated  data  base,  economists 
have  developed  an  economic  base  theory  which  lumps  together  segments  of  the 
economy  on  the  basis  of  function  within  the  economy.  Utilization  of  this 
theory  greatly  reduces  the  attendant  data  problem  in  the  modeling  process 
by  making  the  simple  assumption  that  the  level  of  activity  is  not  dependent 
on  one  particular  producer's  output. 

B.  The  Composition  of  the  Economic  Subsectors 

When  attempting  to  simulate  the  Montana  economy  for  purposes  of  developing 
an  energy  model,  three  primary  economic  operatives  can  be  identified: 

•  The  basic  or  goods-producing  subsector; 

•  The  commercial  or  service  subsector;  and 

•  The  residential  or  household  subsector. 

1 .   The  Basic  Subsector 

The  basic,  or  goods  producing,  subsector  is  subject  to  the  greatest 
variation  in  its  composition.  Various  models  of  the  Montana  economy 
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have  included  different  elements  in  this  subsector,  but  all  of  the 
models  have  the  following  elements: 

'  Agriculture; 

•  Mining; 

•  Durable  goods  manufacturing;  and 

•  Non-durable  goods  manufacturing. 

Other  elements  which  often  are  included  in  the  basic  subsector 
are  contract  construction,  federal  government  employment,  and  rail 
transportation.  For  the  purposes  of  this  modeling  effort,  it  was 
decided  that  these  should  be  included  in  the  basic  sector. 

The  basic  subsector  of  the  Montana  Energy  Model  is  composed  of  the 
following  elements  and  subelements.  Each  element  is  identified  by  a  two- 
digit  Standard  Industrial  Classification  (SIC)  number.  This  number  is  a 
descriptive  label  assigned  to  each  industry  by  the  U.S.  Department  of 
Commerce. 

a.  Agriculture 

This  element  is  composed  of  Standard  Industrial  Classification 
(SIC)  Codes  01  through  06,  which  include  both  agricultural  crops 
and  livestock. 

b.  Mining 

This  element  consists  solely  of  SIC  12,  bituminous  and  lignite 
coal  mining.  The  other  mining  processes  conducted  in  the  state, 
for  the  most  part,  are  reflected  in  the  processing  of  the  materials 
because  of  the  vertical  integration  of  the  firms  involved  in  mineral 
extraction  and  processing  in  Montana. 

c.  Durable  Goods  Manufacturing 

This  element  is  composed  of  producers  in  the  following  SIC 
categories: 

•  SIC  24--Lumber  and  woods  products; 

•  SIC  32--Stone,  clay,  and  glass  products;  and 

•  SIC  33— Primary  metals  products  (this  category  is  dis- 
aggregated into  three  subgroups  of  copper,  aluminum,  and 
other  primary  metal s--mainly  lead  and  zinc). 
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d.  Non-durable  Goods  Manufacturing 

This  element  contains  producers  from  the  following  SIC  categories 

•  SIC  20--Food  and  kindred  products; 

•  SIC  26--Paper  and  pulp  products; 

•  SIC  27--Printing  and  publishing;   and 

•  SIC  29--Petroleum  products. 

e.  Contract  Construction 

This  element  is  composed  of  firms  in  SIC  Codes  15  through  17. 
Because  of  the  highly  complementary  nature  of  these  trades,  any 
attempt  to  further  disaggregate  these  firms  would  be  misleading. 

f.  Federal  Government  Employment 

This  element  consists  of  SIC  Code  91  (Postal  Service)  and  SIC 
Code  94  (Other  Federal  Public  Administration).  The  inclusion  of 
federal  government  employment  as  a  basic  industry  is  justified  by 
the  fact  that  nearly  all  federal  employment  is  determined  exogenously 
to  the  state. 

g.  Railroad  Transportation 

This  subsector  consists  of  SIC  Code  40.  The  reason  for  the 
inclusion  of  the  sector  is  that  most  rail  traffic  in  Montana  origin- 
ates elsewhere  in  the  nation  and  simply  passes  through  the  state. 

2.   The  Commercial  Subsector 

The  commercial  or  service  subsector  is  composed  of  virtually  all  the 
remaining  business  activities  which  occur  in  the  state.  Enumeration  of 
these  activities  on  an  individual  basis  would  be  problematic,  if  at  all 
possible.  Therefore,  the  model  disaggregates  the  commercial  subsector 
into  ten  groups: 

•  Transportation  other  than  rail --SIC  categories  47  through  49; 

•  Communications--SIC  category  48; 

•  Util ities--SIC  category  49; 

•  Wholesale  trade--SIC  category  50; 

•  Retail  trade--SIC  categories  52  through  59; 
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■  Finance,  insurance,  real  estate,  service  (FIRE/s) --SIC 
categories  60  through  67,  71  through  79,  81,  83,  and  86 
through  89; 

•  Hospitals  and  nursing  homes--SIC  category  80; 

•  Schools--SIC  categories  82  and  84;  and 

•  Public  administration--SIC  categories  92  and  93. 

The  model  hypothesizes  commercial  sector  activities  as  a  function 
of  hasic  sector  activities.  The  link  between  the  level  of  activity  in 
the  basic  and  commercial  sectors  is  the  level  of  employment  in  the  basic 
sector.  This  relationship  is  developed  in  the  employment  submodel. 

3.   The  Residential  Subsector 

The  economic  activities  in  the  residential  subsector  are  limited  to  the 
consumption  of  goods  and  services  and  the  supply  of  labor.  Although  this 
may  seem  to  be  an  over-simplifying  assumption,  it  is  virtually  impossible 
to  assign  a  value  to  the  labor  exchanged  and  the  value  added  in  this  sector; 
e.g.,  what  is  the  value  of  a  housewife? 
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III.      THE  EMPLOYMENT  SUBMODEL 

The  employment  submodel   has  a  crucial   role  in  the  overall   development  of 
the  Montana  Energy  Model.     The  level   of  employment  developed  by  this  submodel 
directly  influences  the  demand  for  energy  in  the  commercial   sector  and  the 
level   of  net  migration  in  the  demographic  submodel.     A  graphical   view  of  the 
submodel    is  shown  in  Figure   III-l. 

The  modeling  process   identifies  two  components  of  total   employment—basic 
sector  employment  and  commercial   sector  employment.     A  graphical   exposition 
of  the  components,  their  historical    interrelationships  and  relationship  to 
total   employment,   is  given   in  Figure   III-2.     Both  of  these  sectors  are  subject 
to  the  modifying  parameter  productivity  (PROD).     This  parameter  reflects  changing 
levels  of  labor  productivity  in  the  respective  sectors  and  subsectors  of  the 
economy.* 

A.       Basic  Sector  Employment 

The  employment  level    in  the  basic  subsector  (ESS^   is  defined  as  a 
function  of  output  levels   in  sector  (i)   and  productivity  in  sector  (i). 


ESS.  =  f  (OUTPUT.  PROD.),  where  (Eq.  III-l) 

i  1,1 

i  =  an  element  index 

f  =  symbolic  of  a  functional  relationship, 

OUTPUT  =  physical  output  in  either  dollars  or  units  of  production,  and 

PROD  =  the  productivity  parameter. 

Total  employment  in  the  basic  subsector  (TE, )  can  be  defined  as 

the  sum  of  the  sectors, 
n 
TE,  =  E     ESS.,  where  (Eq.  1 1 1-2) 

D  1=1      ** 

n  =  number  of  subsectors,  and 

I   =  a  sum  over  the  range  i,  i  -  l...n 


*The  parameter  PROD  reflects  a  change  in  the  output  per  employee  and  does 
not  attribute  this  change  to  either  labor  productivity  increases  or 
changes  in  the  available  capital  stock. 
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Figure   III-l 
Employment  Submodel   of  the  Montana  Energy  Model 
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In  order  to  establish  the  functional  relationship  between  the  level  of 
employment  in  subsector  (i)  and  the  level  of  output  in  subsector  (i)*,  the 
ratio  of  output  to  employment  was  calculated  for  each  subsector,  as  shown  in 
Table  III— 1 .  These  ratios  can  be  modified  by  the  parameter  PROD.  The  model 
implicitly  assumes  productivity  to  be  equal  to  one  unless  explicitly  given  a 
different  value.  If  a  value  greater  than  one  is  assigned  to  PROD,,  producti- 
vity per  employee  in  subsector  (i)  is  increased  and  the  output/employment  ratio 
will  rise.  Conversely,  if  PROD  is  less  than  one,  the  output/employment  ratio 
will  fall.  As  this  ratio  changes,  the  employment  in  subsector  (i)  will  change. 

ESSi  =  OUTPUT^  (OUTPUT^EMPLOYMENT^  (PROD.)  (Eq.  1 1 1-3) 

The  magnitude  of  the  total  employment  in  the  basic  sector  may  change,  but 
the  mode  of  calculation  (Eq.  III-2)  will  remain  the  same. 

B.   Commercial  Sector  Employment 

Employment  in  the  commercial  or  service  sector  is  hypothesized  to  be  a 
function  of  employment  in  the  basic  sector  and  the  level  of  productivity  in 
the  basic  sector,  Equation  (II 1-4 )  - 

TEc  =  f  (TEb,  P0Pt_r  PR0Db),  where  (Eq.  1 1 1  -4 ) 

TE  =  total  employment  in  the  commercial  sector,  and 


POP 


,  =  population  in  the  previous  time  period. 


The  functional  relationship  between  commercial  sector  employment  and 
employment  in  the  basic  sector  is  based  on  the  concept  of  a  multiplier;  i.e., 
an  increase  in  basic  sector  employment  will  create  a  disproportionately  larger 
increase  in  the  total  level  of  employment.  This  increase  occurs  because  of  the 
requirements  of  the  basic  sector  employee  for  services  offered  by  the  commercial 


*Because  the  parameter  (PROD)  is  a  change  parameter,  it  is  equal  to  one  for 
any  given  point  and  only  has  a  value  different  from  one  when  a  rate  of  change 
is  being  measured;  thus,  it  is  legitimate  to  ignore  this  term  in  the  function. 
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TABLE   1 1 1-1 

OUTPUT/EMPLOYEE  Ratios  for  Basic   Industries* 
1976 


Sector 


Employees 


Output 


** 


Output/Employee  (Unit) 


** 


Aqricul ture 

33,400 

Mining 

800 

Contract 

13,800 

Construction 

Durable  Goods 

Manufacturing 

Lumber  and 

7,200 

Wood  Products 

Stove,  Clay 

1,000 

and  Glass 

Primary  Metal s 

Copper 

4,400 

Aluminum 

953 

Other 

325 

Non-Durable  Goods 

Manufacturing 

Food 

2,400 

Paper  and  Pulp 

492 

Printing  and 

2,200 

Publ ishing 

Petroleum  Products 

1,200 

Other  Basic 

Rail    . 

6,100 

Federal 

13,700 

Government 

$   996.975  x  106 


$  331.2   x  10 


$441.3  x  10 
$100.3  x  106 

180,000   (Tons) 

146,177   (Tons) 

66,572   (Tons) 


$343.6  x  10° 

404.565   (Tons) 
$  64.7  x  106 


$308,355 
NA 


$  29,840 


26,226,345   (Tons)         32,783    (Tons) 
,6 


24,000 


$  61  ,290 
$100,300 

40.90  (Tons) 
153.38  (Tons) 
204.83    (Tons) 


$143,160 
822.28  (Tons) 
$  29,400 


50,332,433  (bbl)  41,935.4   (bbl) 


$  50,550 
NA 


*    Whenever  possible  output  is  measured  in  terms  of  physical   output  units 
(short  tons) . 

**  Data  is   in  1976  dollars  when  applicable. 


A-16 


REFERENCES  FOR  TABLE  III-l 


1.  State  Department  of  Labor  and  Industry,  Montana  Employment  and  Labor 
Force,  Research  and  Analysis  Section,  Employment  Security  Division, 
Helena,  Montana,  July  1978. 

2.  Personal  communication  with  Joe  Lundberg,  Market  and  Research  Analyst, 
Montana  Department  of  Agriculture. 

3.  Personal  communication  with  Alan  Davis,  Research  Division,  Montana 
Department  of  Revenue. 

4.  U.S.  Department  of  Commerce,  Annual  Survey  of  Manufacturers,  1976, 
Bureau  of  Census,  February  1978. 

5.  Personal  communication  with  Bruce  Thompson,  Montana  Public  Service 
Commission. 


A- 17 


sector,  e.g.,  doctors,  automotive  products,*  etc. 

The  relationship  between  commercial  sector  employment  and  productivity 
in  the  basic  sector  is  defined  much  less  clearly.  Historically,  it  has  been 
noted  that  the  commercial  or  service  subsector  has  grown  in  proportion  to  the 
basic  subsector.  This  growth  has  not  been  explained  by  an  increase  in  employment 
in  the  basic  subsector  but  can  be  linked  to  the  change  in  output  in  the  basic 
subsector.  Therefore,  the  level  of  employment  in  the  commercial  sector  is  influ- 
enced by  both  the  level  of  employment  and  the  productivity  of  the  employees  in 
the  basic  sector.  This  relationship  between  productivity  in  the  basic  subsector 
and  employment  in  the  commercial  subsector  is  obvious  as  an  income  effect.  As 
productivity  increases  in  the  basic  subsector,  wages  rise.  The  increase  in  wages 
manifests  itself  in  an  increased  demand  for  goods  and  services  in  the  commercial 
sector. 

These  functional  relationships  were  estimated  for  the  model  using  a 
multiple  regression  technique  and  the  estimating  Equation  (III-5)  over  a  time 
series.** 

In  (TE  )  =  B  +  B1  In  (TEb)  +  B2  In  (PROD),  where     (Eq.  1 1 1-5) 

B  ,  B, ,  B  =  estimated  constants 
o   1   2 

PR'~D  =  an  estimate  using  an  index  of  output  per  employee. 

(Source:  Bureau  of  Labor  Statistics,  Handbook  of  Labor  Statistics,  1977) 
When  Equation  (IV-5)  is  estimated,  the  following  equation  is  generated. 


Ln  (TE  )  -  11.0  +  0.1366  In  (TE.)  -  0.045  In  (PROD)      (Eq.  (III-6a) 


c 
or 


TEc     =  3.737  (TEb)  (Eq.  (III-6b) 


* 


** 


This  is  a  well  documented  phenomena  which  has  wide  acceptance.  However, 
indications  are  that  it  works  at  a  much  slower  rate  in  work  force  reductions 
and  in  communities  which  have  extensively  under-utilized  capital  facilities. 

The  regression  of  the  natural  logarithms  of  the  respective  variables  allows 
the  computation  of  the  elasticities  of  the  dependent  variable  with  respect 
to  the  independent  variable.  The  estimated  value  of  the  dependent  variable 
then  becomes      2    R. 

y  =  A  E   x   ,  where  ln  (A)  =  B  . 
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Equation  (III-6)  is  utilized  by  the  model  to  estimate  the  total  emplpyment 
in  the  commercial  sector.  Once  total  employment  in  the  commercial  has  been 
estimated,  the  problem  of  allocating  that  employment  among  the  subsectors  of 
commercial  employment  remains.  This  problem  is  overcome  by  the  assumption 
that  each  of  the  subsectors  maintains  the  same  proportion  of  commercial  sector 
employment.  The  subsectors  and  their  respective  proportions  of  commercial 
sector  employment  are  shown  in  Table  1 1 1-2 .  Although  this  assumption  may 
cause  a  secular  distortion  of  the  allocation  of  employment  with  the  sector,  it 
is  felt  that  in  the  short  run  it  is  an  adequate  allocation  process. 
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Sector 


TABLE  II 1-2 
Employment  in  the  Commercial  Sector* 

Employment  (000)   Cumulative  Total  (000)   %  of  Total 


Transportation  6.0 

(except  rail ) 


Communications 

Utilities 

Wholesale  Trade 

Retail  Trade 

FIRE/s** 

Hospitals  and 
Nursing  Homes 

Schools 

Public  Administration 


3. 

88 

3. 

51 

15. 

1 

48. 

.6 

43. 

.7 

14 

.9 

30 

.0 

22 

.0 

6.0 

9.88 

13.39 

28.49 

77.09 

120.79 

135.69 

165.69 
187.69 


3.1 


2. 

0 

1. 

,9 

8, 

.0 

25, 

.8 

23 

.2 

7 

.94 

15 

.98 

11 

.7 

TOTAL  187.69 


187.69 


100 


*     Based  on  1976  employment  data,   "790  series". 

**  FIRE/s    is  finance,   insurance,  real   estate,  and  services, 
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IV.  THE  ENERGY  SUPPLY  SUBMODELS 

The  energy  supply  section  of  the  Montana  Energy  Model  consists  of  four 
independent  submodel s--one  each  for  the  major  energy  sources:  coal,  oil, 
natural  gas,  and  electricity. 

The  supply  of  each  resource  is  subject  to  a  unique  set  of  geographical, 
technological,  institutional,  and  distributional  constraints.  In  recognition 
of  these  constraints,  the  energy  supply  submodels  have  not  been  limited  to  a 
description  of  the  mathematical  modeling  technique  utilized;  rather,  each 
of  the  submodels  attempts  to  describe  for  each  energy  source  the  unique  set 
of  constraints  which  influence  present  and  future  supplies  of  energy. 

A.   Coal 


The  magnitude  of  the  coal  deposits  in  Montana  assures  its  supply  for  at 
least  50  years.  The  demand  for  coal,  however,  becomes  a  very  critical  question. 
Coal  presently  is  one  of  Montana's  largest  exports  and  is  expected  to  increase 
substantially  over  the  next  couple  of  decades.  With  this  growth  there  will  be 
an  increase  in  the  demands  of  the  coal  industry  for  inputs  of  other  energy 
sources,  labor,  and  services. 

Because  the  supply  of  coal  is  so  large  relative  to  the  demand  for  coal, 
the  Montana  Energy  Model  has  concentrated  on  coal  demand  and  the  parameters 
which  influence  that  demand. 

1.   Analysis  Framework 

The  demand  for  Montana  coal  can  be  separated  into  four  sectors  for 
analysis: 

•  Out-of-state  exports  for  electric  generation; 

•  In-state  use  for  electric  generation; 

•  Industrial  use;  and 

•  Synthetic  fuels  (synfuel)  production. 

This  modeling  project  has  focused  on  exports  for  electric  generation, 
which  have  comprised  about  85  percent  of  recent  demand  for  Montana  coal. 
Projections  of  in-state,  coal -fired  electric  generation  are  developed 
internally  by  the  model.  Industrial  and  synfuel  demand  for  Montana  coal 
is  small  at  present  (about  1.5  million  tons  shipped  to  out-of-state 
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industries  in  1976)  and  is  likely  to  remain  relatively  small  for  the 
near  term.  A  detailed  analysis  of  coal  demand  for  industrial  and  synfuel 
use  is  impractical  at  this  time  because  of  problems  in  controlling  the 
variables  of  these  sectors. 

The  most  thorough  analysis  of  future  coal  demand  from  the  Northern 
Great  Plains  (NGP)  region  was  prepared  in  1975  by  the  Montana  University 
Coal  Demand  Study  team.  The  project  also  concentrated  on  demand  for 
coal-fired  electric  generation  and  developed  a  rigorous  analytical  frame- 
work for  assessing  the  relative  impacts  of  the  major  policy  and  economic 
variables  affecting  NGP  coal  productions.  No  attempt  has  been  made  here 
to  duplicate  the  scope  of  the  Coal  Demand  Study,  but  this  modeling  study 
is  an  attempt  to  verify  the  results  of  the  1975  study  accounting  for 
current  policy  discussions  and  to  provide  a  more  detailed  investigation 
of  the  Montana  portion  of  NGP  coal  demand. 

Briefly,  the  Coal  Demand  Study  developed  projections  of  future  Montana 
coal  demand  based  on  five  primary  considerations: 

•  The  identification  of  the  geographic  market  area  for  NGP  coal 
based  on  a  model  driven  by  coal  production,  transportation,  and 
pollution  control  costs  for  competing  coal  sources; 

•  The  demand  for  electricity  within  the  market  area,  based  on  an 
econometric  model  incorporating  prices  of  electricity  and  natural 
gas; 

•  The  share  of  electric  demand  to  be  met  by  coal -fired  generation 
based  on  a  review  of  hydroelectric  and  gas/oil  power  plant  plans; 

•  The  share  of  coal -fired  plants  in  the  market  area  to  be  supplied 
by  NGP  coal,  based  on  available  coal  contract  data;  and 

•  The  share  of  NGP  coal  production  to  be  supplied  from  Montana, 
based  on  the  1980  contract  percentage  of  total  NGP  coal  supply. 

For  this  modeling  study,  available  state  and  regional  forecasts  of 
energy  supply  and  demand  were  reviewed;  however,  these  forecasts  primarily 
reflect  utility  proposals  for  new  generating  capacity  based  on  traditional 
growth  rates  in  electric  consumption.  Consequently,  this  analysis  has 
focused  on  a  power  plant-specific  review  of  available  utility  projections 
of  a  new  capacity  and  coal  sources  for  electric  utilities  within  the  market 
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area  for  Montana  coal . 

2.   Geographic  Market  Area 

For  this  modeling  study,  it  is  convenient  to  identify  five  sub- 
regions  within  the  overall  geographic  Montana  coal  market  area: 

•  Minnesota; 

•  Wisconsin  and  Michigan; 

•  Illinois  and  Indiana; 

.  A  Midwest/Southwest  region  (consisting  of  the  states  of  South 
Dakota,  Iowa,  Nebraska,  Kansas,  Missouri,  Arkansas,  Oklahoma, 
Louisiana,  and  Texas);  and 

•  The  Pacific  Northwest  region  (Idaho,  Washington,  and  Oregon). 

The  total  geographic  area  corresponds  very  closely  with  the  largest  market 
area  identified  in  the  Coal  Demand  Study.  Table  IV-1  shows  the  regional 
distribution  of  coal  shipments  from  Montana  in  recent  years,  and  current 
utility  plans  concerning  additions  of  coal -fired  generating  capacity  and 
use  of  western  coal  are  summarized  in  Table  IV-2. 

Several  observations  can  be  made  from  the  data  presented  on  these 
two  tables.  Within  the  state  of  Minnesota,  significant  coal -fired  gener- 
ating capacity  is  planned  which  is  expected  to  use  Montana  coal  almost 
exclusively.  Some  potential  exists  within  current  utility  plants  for 
further  Montana  coal  use  within  Wisconsin  and  Michigan.  Large  amounts  of 
new  coal-fired  generating  capacity  are  planned  within  Illinois  and  Indiana; 
however,  announced  plans  do  not  anticipate  additional  Montana  coal  use  in 
these  states.  While  major  increases  in  coal-fired  generating  capacity 
are  projected  for  the  Midwest  region,  current  plans  indicate  that  virtually 
all  the  western  coal  to  be  used  is  expected  to  be  from  Wyoming.  This 
projection  appears  reasonable,  primarily  because  of  the  transportation 
cost  advantages  of  Wyoming  coal  shipped  to  this  market  region.  (Available 
data  indicate  only  one  small  contract  for  Montana  coal  for  use  within 
Texas,  which  is  included  in  the  projections  below.)  The  Pacific  Northwest, 
on  the  other  hand,  is  planning  little  coal-fired  generating  capacity. 
This  trend,  however,  is  dependent  on  the  large  number  of  nuclear  units 
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TABLE  IV-1 

Coal  Shipments  from  Montana  to  Electric  Utilities,  1973  to  1976* 

(Million  Tons) 


Region  1973  1974  1975  1976 

Minnesota  3.92  5.23  6.21  8.16 

Wisconsin/Michigan  0.13***  0.99  3.22  4.13 

Illinois/Indiana  5.66  6.68  10.13    10.12 

Midwest/Southwest  .04***  0.21***  0.63***  0.23 

Pacific  Northwest  0.00  0.00  0.00  0.00 

Montana  0.88  0.82  1.20  2.32 


Total  Utility  Shipments 
Total  Montana  Production  ** 


10.62 

13.94 

21.38 

24.96 

10.73 

14.12 

22.16 

26.18 

Source:  Federal  Power  Commission,  Form  423  Reports 
Source:  Montana  Department  of  Revenue 


•** 


Primarily  Spot  Purchases 
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proposed  for  the  Northwest  region,  one  of  which  currently  is  involved  in 
litigation  and  which  may  affect  plans  for  additional  nuclear  plants. 
Therefore,  the  market  area  for  future  shipments  of  Montana  coal  for 
electric  generation,  based  on  current  utility  plans,  appears  to  consist 
primarily  of  Minnesota  with  smaller  and  more  uncertain  markets  in  the 
Wisconsin/Michigan  and  Illinois/Indiana  regions.  Little,  if  any,  pene- 
tration into  the  Midwest/Southwest  and  Pacific  Northwest  regions  is 
projected. 

Pollution  control  regulations  will  have  a  significant  impact  on  the 
market  area  for  western  coal.  A  sulfur  emissions  standard  which  allows 
low-sulfur  western  coal  to  be  burned  without  flue-gas  desulfurization 
(FGD)  enables  western  coal  to  be  shipped  substantial  distances  while 
remaining  cost-competitive.  Based  on  the  market  area  model  developed 
for  the  Coal  Demand  Study,  pollution  control  regulations  were  shown  to 
be  the  single  most  important  factor  in  determining  market  area.  The  Coal 
Demand  Study  developed  two  market  area  scenarios.  The  larger  market 
applied  to  new  power  plants  constructed  after  the  implementation  of  the 
current  sulfur  emissions  standard  of  1.2  pounds  of  sulfur  dioxide  (SOp) 
per  million  Btu's  of  coal  consumed,  and  compared  the  use  of  high-sulfur 
Midwestern  coal  with  FGD  versus  the  use  of  low-sulfur  NGP  coal  with  no 
scrubbing.  This  market  boundary  passed  through  southern  Wisconsin,  western 
Illinois,  and  central  Missouri.  The  second,  smaller  market  area  applied 
to  existing  power  plants  and  compared  the  use  of  both  Midwestern  and 
NGP  coal  without  FGD.  This  market  boundary  passed  through  central  Minne- 
sota, eastern  Nebraska,  and  central  Kansas. 

New  regulations  expected  to  be  finalized  in  1978  likely  will  lower 
substantially  the  allowed  sulfur  emissions  for  new  power  plants.  While 
the  exact  emissions  level  to  be  allowed  is  under  debate  at  this  time,  the 
effect  will  be  to  require  scrubbing  of  virtually  all  western  coal  in  new 
power  plants.  Current  proposals  center  on  a  scrubbing  requirement  of 
80  to  90  percent  of  the  coal's  sulfur  content,  with  a  minimum  of  0.5  to 
0.6  pounds  S0?  per  million  Btu  (essentially  the  highest  level  of  emissions 
allowed  without  scrubbing),  and  a  maximum  of  about  1.2  pounds  S0~  per 
million  Btu  (essentially  the  highest  level  of  emissions  allowed  with 
scrubbing).  Analysis  performed  by  the  Stanford  Research  Institute  (SRI) 
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indicates  that  scrubbing  costs  are  relatively  insensitive  to  the  sulfur 
content  of  coal,  and  also  are  relatively  insensitive  to  the  exact  emissions 
level  mandated  once  the  requirement  is  sufficiently  stringent  to  force 
some  scrubbing  of  flue  gases.  Hence,  the  likely  impact  of  these  regula- 
tions will  be  to  require  F6D  systems  on  all  plants  using  Montana  coal 
constructed  after  the  effective  implementation  date  of  the  new  standards. 
This  date  has  not  yet  been  set,  but  it  is  expected  to  be  in  the  1980  to 
1982  time-frame. 

The  effect  of  these  proposed  regulations  would  be  to  redefine  the 
available  markets.  In  the  absence  of  new  regulations  on  emission  stan- 
dards, the  market  would  include  the  larger  area  identified  by  the  Coal 
Demand  Study.  If  the  new  emission  standards  are  implemented,  the  smaller 
market  area  described  by  the  Coal  Demand  Study  is  the  most  probable 
market.  This  smaller  market  area  will  represent  the  transportation 
advantage  of  western  coal  rather  than  the  current  low  sulfur  advantage 
that  western  coal  enjoys. 

Comparing  these  two  market  areas  for  NGP  coal  with  the  plant-specific 
utility  expectations  of  coal  supply  and  with  transportation  distances, 
three  market  area  scenarios  for  Montana  coal  demand  were  developed  as  the 
basis  for  the  projections  presented  below.  The  largest  Montana  coal 
market  would  include  all  five  subregions  described  above  (labeled  "High" 
below).  This  market  area  would  correspond  to  the  highest  potential  demand 
for  Montana  coal  if  no  changes  are  made  in  sulfur  emissions  regulations. 
With  the  proposed  reduction  in  allowed  emissions  levels,  the  Illinois/ 
Indiana  region  would  face  substantially  higher  costs  in  using  Montana  coal 
as  compared  to  Illinois  coal.  The  available  coal  contract  information 
indicates  that  the  two  contracts  for  Montana  coal  deliveries  to  this  region 
expire  in  1978  and  1981;  no  information  concerning  their  renewal  has 
been  identified.  The  second  market  area  scenario  (labeled  "Mid"  below) 
exlcudes  the  Illinois/Indiana  region.  This  market  area  represents  a 
moderate  impact  of  new  emissions  standards,  or  the  most  likely  long-term 
market  area  for  Montana  coal  even  without  the  new  standards.  Additionally, 
the  maximum  impact  of  lowered  sulfur  emission  standards  on  the  Montana 
coal  market  would  appear  to  involve  the  loss  of  the  Wisconsin/Michigan 
region,  as  well  as  most  of  the  Midwest  region.  However,  the  Midwest 
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market  appears  to  impact  Wyoming  almost  exclusively  rather  than  Montana 
coal  production.  The  Midwest  market,  then,  represents  the  third  market 
area  scenario  (labeled  "Low"  below),  consisting  of  Minnesota,  portions 
of  the  Midwest,  and  the  Pacific  Northwest. 

3.   Coal  Demand  Projections 

The  three  market  area  scenarios  for  Montana  coal  described  above 
were  applied  to  the  utility  power  plant  data  base  to  derive  projected 
coal  demand  levels  for  each  of  the  five  subregions  for  the  years  1980, 
1985,  1990,  and  2000.  The  following  assumptions  were  used  in  making 
these  projections  for  all  three  market  scenarios: 

•  The  1980  projected  coal  demand  levels  were  developed  from  avail- 
able coal  contract  information  and  actual  shipments  during  1976  and 
the  first  half  of  1977,  and  include  all  new  plants  which  have 
indicated  use  of  Montana  coal  that  are  projected  to  be  on-line 
prior  to  1980. 

•  Growth  rates  in  electric  demand  were  taken  at  utility-projected 
levels  through  1985  (about  six  to  seven  percent  per  year  for 
peak  capacity)  and  at  a  reduced  level  of  about  three  percent 
per  year  following  1935,  to  reflect  most  economic  projections 

of  the  impact  of  higher  electric  rates  and  to  keep  the  number  of 
scenarios  smal 1 . 

•  All  existing  power  plants  for  which  long-term  contracts  for  Montana 
coal  were  identified  were  included  in  each  scenario.  (Plants  in 
Illinois/Indiana  currently  receiving  Montana  coal  were  excluded  in 
the  Mid  and  Low  scenarios  after  1980,  reflecting  the  lack  of 
information  concerning  renewal  of  these  contracts.) 

•  All  existing  power  plants  in  the  market  region  currently  using 
coal  from  non-Montana  sources  were  assumed  to  continue  their 
current  coal  supply,  reflecting  the  large  expense  of  converting 
boilers  for  different  coals  and  the  lack  of  present  emphasis  on 
extending  more  stringent  sulfur  emissions  standards  to  existing 
plants. 

•  All  proposed  power  plants  for  which  information  indicated  existing 
contracts  for  Montana  coal  were  included  in  each  scenario. 
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•  All  proposed  power  plants  in  Minnesota  were  assumed  to  be  supplied 
by  Montana  coal . 

•  In  addition  to  existing  contracts,  approximately  1000  MW  of 
unspecified  plants  in  the  Midwest  region  were  assumed  +n  be 
supplied  by  Montana  coal  in  1990  and  2000;  approximately  300 
MW  in  the  Pacific  Northwest  region  were  assumed  to  be  supplied 
by  Montana  coal  in  1985  and  1990,  and  an  additional  1400  MW  by 
2000.  (These  assumptions  are  highly  judgemental,  but  represent 
relatively  small  amounts  of  coal.) 

In  addition,  the  following  assumptions  were  made  for  the  individual 
market  scenarios: 

•  High  Market  Scenario—proposed  plants  beyond  1980  in  Northern 
Wisconsin/Michigan  were  included  in  the  projections,  and  Montana 
coal  use  in  Illinois  was  assumed  to  maintain  its  1980  projected 
share  of  total  utility  coal  use  in  that  state  of  roughly  15 
percent; 

•  Mid  Market  Scenario—proposed  plants  beyond  1980  in  Northern 
Wisconsin/Michigan  were  included  in  the  projections;  and  no  use 
of  Montana  coal  in  Illinois  after  1980  was  assumed,  reflecting 
either  the  "natural"  loss  of  this  market  to  Midwestern  coal  or 
the  impact  of  new  sulfur  emissions  standards;  and 

•  Low  Market  Scenario—only  plants  existing  before  1982  (the  assumed 
date  of  implementation  of  new  emissions  standards)  were  assumed  to 
use  Montana  coal  in  Wisconsin/Michigan,  reflecting  a  maximum  impact 
of  the  new  regulations;  in  the  Mid  scenario,  it  was  assumed 

there  would  be  no  use  of  Montana  coal  in  Illinois/Indiana  after  1980. 

Based  on  these  assumptions,  the  projected  levels  of  Montana  coal 
demand  by  electric  utilities  are  shown  in  Table  IV-3.  A  regional  summary 
of  these  projections  is  given  in  Table  IV-4.  Note  that  in  all  three 
scenarios  coal -fired  power  plants  in  Minnesota  represent  the  major  market 
for  Montana  coal  . 

Figure  IV-1  compares  these  three  scenarios  for  future  Montana  coal 
demand  to  two  scenarios  taken  from  the  Coal  Demand  Study  ("All  FGD"  market 
area,  constant  growth  in  electric  consumption,  constant  1980  share  of 
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TABLE    IV-3 
Projected  Montana  Coal   Demand  for 
Out-of-State  Electric  Utilities,  1980   to  2000 
(Million   Tons   Per  Year) 

Market  Scenario*  1980  1985  1990  2000 

1.  High 

2.  Mid 

3.  Low 


27.3 

45.8 

62.5 

88.0 

27.3 

35.8 

48.5 

68.0 

27.3 

28.3 

40.0 

55.0 

See  text  for  scenario  assumptions. 
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TABLE  IV-4 
Projected  Montana  Coal  Demand  for 
Out-of-State  Electric  Utilities  by  Region,  1980  to  2000 
(Million  Tons  Per  Year) 


Market  * 

Scenario 

Region 

1980 

1985 

1990 

2000 

1.  High 

Minnesota 

10.5 

20.5 

29.5 

40.0 

Wisconsin/Michigan 

4.5 

12.0 

13.0 

18.0 

Illinois/Indiana 

10.0 

10.0 

14.0 

20.0 

Midwest/Southwest 

2.3 

2.3 

5.0 

5.0 

Pacific  Northwest 

0.0 

1.0 

1.0 

5.0 

Total 

27.3 

45.8 

62.5 

88.0 

2.  Mid 

Minnesota 

10.5 

20.5 

29.5 

40.0 

Wisconsin/Michigan 

4.5 

12.0 

13.0 

18.0 

111 inois/Indiana 

10.0 

0.0 

0.0 

0.0 

Midwest/Southwest 

2.3 

2.3 

5.0 

5.0 

Pacific  Northwest 

0.0 

1.0 

1.0 

5.0 

Total 

27.3 

35.8 

48.5 

68.0 

3.  Low 

Minnesota 

10.5 

20.5 

29.5 

40.0 

Wisconsin/Michigan 

4.5 

4.5 

4.5 

5.0 

111 inois/Indiana 

10.0 

0.0 

0.0 

0.0 

Midwest/Southwest 

2.3 

2.3 

5.0 

5.0 

Pacific  Northwest 

0.0 

1.0 

1.0 

5.0 

Total 

27.3 

28.3 

40.0 

55.0 

See  text  for  scenario  assumptions. 
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FIGURE  IV-1 

Projected  Montana  Coal  Demand  for  Out-of-State 
Electric  Utilitites,  1980-2000 
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*  See  text  for  market  scenario  assumptions. 

**  Coal  Demand  Study  figures  adjusted  to  remove  Montana  in-state  use, 
Growth  rates  refer  to  alternate  assumptions  of  annual  growth  in 
electric  consumption  within  the  coal  market  area. 
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Montana  to  total  NGP  coal  demand,  adjusted  to  approximately  remove 
Montana  in-state  coal  use).  As  can  be  seen,  through  1990  the  projections 
agree  closely  with  the  Mid  and  Low  scenarios  developed  here.  The  flatten- 
ing of  coal  demand  in  the  Low  Market  scenario  between  1980  and  1985  is 
due  to  the  assumed  loss  of  the  Illinois/Indiana  market  which  is  matched 
almost  exactly  by  increased  Minnesota  coal  demand.  In  fact,  considering 
the  high  degree  of  uncertainty  in  the  year  2000  projections  for  both  studies, 
the  numbers  presented  in  Figure  IV-1  could  be  viewed  as  a  regional  dis- 
aggregation of  the  Coal  Demand  Study  totals. 

The  projections  presented  indicate  a  relatively  small  impact  on 
Montana  coal  demand  because  of  the  enactment  of  new  sulfur  emissions 
standards,  representing  about  a  20  percent  decrease  in  coal  demand. 
Recent  analysis  using  the  Stanford  Research  Institute  (SRI)  Coal 
Depletion  Model  produced  a  similar  result  (at  a  somewhat  lower  total 
demand  level),  projecting  Montana  coal  production  at  about  25  million 
tons  per  year  (MT/Y)  in  1985  under  both  the  current  standard  (1.2  lbs. 
S0?  per  million  Btu)  and  the  range  of  new  standards  being  considered. 
This  is  to  be  contrasted  with  the  SRI  analysis  for  Wyoming  coal  pro- 
duction, which  projects  a  total  demand  of  about  130  MT/Y  in  1985 
under  the  current  emissions  standard,  but  only  40  MT/Y  in  1985  under 
the  proposed  new  standards.  This  reduction  by  a  factor  of  three  would 
be  caused  primarily  by  the  loss  of  the  Midwest  market  region,  which 
now  is  anticipating  substantial  use  of  Wyoming  coal  in  new  power  plants. 
Note  that  an  analysis  similar  to  that  of  the  Coal  Demand  Study  might 
produce  the  same  result  for  total  NGP  coal  demand,  but  likely  would  under- 
estimate Montana  coal  demand  because  of  the  assumption  of  a  constant 
percentage  of  Montana  to  total  NGP  coal  demand  based  on  the  1980  coal 
contract  precentage.  The  major  impact  of  new  sulfur  emissions  standards 
on  western  coal  production  appears  to  be  concentrated  in  a  market  region 
Currently  not  projected  to  receive  substantial  amounts  of  Montana  coal, 
and  hence,  the  standards  have  a  much  smaller  impact  on  Montana  coal 
production  than  on  total  NGP  production. 
4.   Conclusions 

The  most  probable  level  of  future  demand  for  Montana  coal  by  out-of- 
state  electric  utilities  appears  to  be  about  30  to  35  MT/Y  in  1985  and  about 
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40  to  50  MT/Y  in  1990.  Substantial  increases  in  industrial  coal  exports 
do  not  appear  likely  at  this  time;  it  seems  certain  that  no  major  synthetic 
fuel  plants  using  Montana  coal  would  be  on-line  by  1985,  and  are  unlikely 
even  by  1990.  Hence,  total  Montana  coal  production  in  1985  would  likely 
be  40  to  45  MT/Y  (assuming  seven  MT/Y  in-state  use  for  electric  genera- 
tion and  three  MT/Y  industrial  use).  The  projections  presented  for  the 
year  2000  are  at  best  uncertain  and  are  subject  to  several  significant 
variables,  including  the  development  of  synthetic  fuels  technology,  the 
price  and  availability  of  natural  gas  and  petroleum  products  within  the 
coal  market  area,  potential  constraints  on  the  development  of  midwestern 
coals  (including  concerns  that  a  rapid  near-term  increase  in  midwestern 
coal  use  may  result  in  another  large  increase  in  the  demand  for  western 
coal  in  the  mid  to  late  1990 's  since  the  midwestern  reserves  may  be 
contractually  committed  by  that  time),  and  further  revisions  to  pollution 
control  standards. 

Three  major  observations  can  be  drawn  from  the  projections  of  Montana 
coal  demand  presented  above.  First,  this  modeling  study,  based  on  a  power 
plant-specific  investigation,  gives  projected  coal  demand  levels  in  sub- 
stantial agreement  with  the  projections  developed  by  the  more  rigorous, 
but  macroscopic,  framework  of  the  1975  Coal  Demand  Study.  Second,  while 
Montana  coal  production  is  forecast  to  increase,  it  appears  highly  un- 
likely that  it  will  reach  the  "boom"  proportions  that  previously  have  been 
forecast  and  are  implied  by  current  mine  production  estimates  of  90  to  100 
MT/Y  in  1985  and  100  to  120  MT/Y  in  1990.  Third,  the  potential  impact  on 
Montana  coal  production  of  new  sulfur  emissions  regulations,  which  essen- 
tially would  require  flue-gas  scrubbing  of  all  coals,  appears  to  be 
relatively  small,  at  least  in  comparison  with  the  impact  forecast  for 
Wyoming  coal  demand. 


B.   Oil 


The  oil  supply  submodel  of  the  Montana  Energy  Model  places  emphasis  on  the 
production  and  distribution  of  crude  oil  rather  than  refined  products  for  three 
primary  reasons:  Montana  is  historically  a  net  exporter  of  refined  petroleum 
products;  any  shortages  of  refined  petroleum  which  occur  will  be  national 
rather  than  regional  or  state-wide  in  scope;  and  the  availability  of  crude  oil, 
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specifically  Canadian  condensate,  is  currently  one  of  the  most  pressing 
questions  in  Montana's  economy. 

The  oil  supply  submodel  examines  five  parameters: 

•  The  production  of  crude  oil  in  Montana; 

.  Reserves  of  crude  oil,  both  proven  and  estimated  undiscovered  reserves;* 

•  Distribution  systems  for  crude  oil  products  and  alternatives  to  the 
existing  system; 

•  The  existing  refinery  system,  its  demands  and  capabilities;  and 

•  Canadian  imports,  their  curtailment,  and  that  curtailment's  impacts. 

1.   Production  of  Crude  Oil  in  Montana 

The  production  of  crude  oil  in  Montana  during  the  year  of  1976  is 
listed  on  a  field  by  field  basis  in  Table  IV-5.  Figures  IV-2  and  IV-3 
show  the  geographic  location  of  these  fields  and  show  graphically  the 
relative  contributions  of  each  section  within  the  state.  Montana's 
production  of  crude  oil  exceeded  32  million  barrels  in  1976  and  33  million 
barrels  in  1977.  Of  this  production,  only  approximately  nine  million 
barrels  was  available  for  in-state  refining.  The  balance  was  contractually 
obligated  elsewhere. 

Estimates  of  proven  reserves  of  crude  oil  are  shown  in  Table  IV-6. 
At  the  current  rate  of  production  (approximately  90  thousand  barrels  per 
calendar  day)  ,  there  are  approximately  seven  years  of  proven  reserves. 
Estimates  of  undiscovered  recoverable  reserves  have  been  made  by  the  U.S. 
Geological  Survey  for  basins  which  lie  in  Montana.  These  estimates  are 
shown  in  Table  IV-7.  The  basins  in  Montana  include  the  Folded  Belt  or 
Overthrust  in  southwestern  Montana;  the  Sweetgrass  Arch  in  the  north; 
the  Central  Basin;  the  Willi ston  Basin  (which  also  underlies  North 
Dakota);  and  the  Powder  River  and  Bighorn  Basins  (which  partially  underlie 
Wyoming) . 

Recent  exploration  in  Wyoming  and  Idaho  and  trace  discoveries  in 
Montana  suggest  the  estimates  for  the  Folded  Belt  area  are  too  low. 


*  Those  reserves  which,  although  currently  undiscovered,  are  estimated  to 
exist  in  a  favorable  geologic  setting. 
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TABLE  IV-6 


Estimate  of  Montana  Crude  Oil 
Proved  Reserves,  by  Region,  January  1,  1977 


Region  ,  .,,.   ,    ,  ^ 

3  (million  barrels) 


Proved  Reserves         Percent 

of  Total 


Northeastern  Montana  40.8  18 

Southeastern  Montana  105.2  45 

Central    Montana  33.1  14 

South   Central   Montana  9.8  4 

Northern  Montana  43.6  19 

State  Total  232.5  100 


Source:     Montana  Department  of  Natural   Resources  and  Conservation,  Oil   and  Gas 
Conservation   Division,   Annual    Review  for  1976,   Volume  20. 
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TABLE  IV-7 

Undiscovered  Recoverable  Reserves  in  Montana  (1975) 
(In  Billions  of  Barrels) 


Basin  (Locale) 

Low 

1 

Estimate 

3  =  95% 

High 

Estima 

P  =  5% 

te 

Mean 

Folded  Belt  (SW  Montana  )2 

Negligible 

Negl 

igible 

Negligible 

Sweetgrass  Arch  (N.  Montana) 

0.1 

0.4 

0.2 

Central  (Central  Montana) 

0.06 

0.2 

0.1 

Williston  (NE  Montana  -  NW 
North  Dakota) 

0.4 

2.5 

1.2 

Bighorn  (Southcentral  Montana  - 
N.  Wyoming) 

0.5 

1.5 

0.9 

Powder  River  (SE  Montana  - 
NE  Wyoming) 

1.0 

2.5 

1.7 

Source:  Gordon  L.  Dolton,  U.S.  Geological  Survey,  Resource  Appraisal  Group, 

Denver,  Colorado,  personal  communication  to  Elliot  Rockier,  Missoula, 
Montana,  March  3,  1978. 

Update  in  process. 

2 

May  be  too  low  in  light  of  recent  activity  in  Wyoming  and  Idaho.  (See  The 

Oil  and  Gas  Journal ,  August  7,  1977.) 
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Other  recent  increases  in  the  price  of  oil  which  exceed  inflation  levels 
have  prompted  oil  industry  officials  to  state  that  economic  reserves  of 
crude  oil  may  be  underestimated  by  as  much  as  15  percent. 

2.   Transportation  of  Crude  Oil 

Montana  currently  has  two  major  crude  oil  distribution  systems. 
One  is  the  Glacier  System,  owned  by  Phillips,  Exxon,  and  Continental  oil 
companies.  The  Glacier  System  carries  Canadian,  northern  and  central 
Montana  crudes,  and  northern  Wyoming  crude  oils  to  refineries  in  the 
Billings,  Montana,  area  for  refining.  Crude  not  refined  in  Billings  is 
transferred  into  the  Platte  Pipeline  for  delivery  to  midwestern  refineries. 
The  other  major  distribution  system  in  the  Butte  System,  composed  of  the 
Butte,  Wascana,  and  Western  Crude  pipelines.  The  Butte  System  carries 
eastern  Montana  crude  from  the  Will iston  and  Northern  Powder  River  Basins 
into  the  Platte  Pipeline  and,  subsequently,  midwestern  refineries.  Figure 
IV-4  shows  the  geographic  locations  of  the  crude  oil  distribution  system 
in  Montana.  Throughput,  capacity,  and  points  of  origin  and  destination  for 
the  system's  components  are  given  in  Table  IV-8. 

The  pipeline  system  map  (Figure  IV-4)  illustrates  why  only  nine 
million  of  nearly  thirty-three  million  barrels  of  Montana  crude  oil  were 
refined  in  Montana.  The  transportation  system  from  the  major  producing 
fields  in  Montana  is  designed  to  export  the  crude  oil  into  the  Midwest. 
Estimates  of  proven  and  undiscovered  recoverable  reserves  in  Montana 
(Tables  IV-6  and  IV-7)  indicate  that  these  fields  probably  will  remain 
major  producers,  and  thus,  the  trend  for  crude  oil  exports  will  continue. 
Table  IV-9  gives  the  destinations  of  Montana  crude  oil  exports  by  state 
of  destination  and  quantity  received. 

With  the  impending  reduction  of  Canadian  crude  oil  and  condensate 
available  for  import,  the  crude  oil  distribution  system  will  not  be  able 
to  provide  an  adequate  supply  of  crude  oil  to  Montana  refineries.  Among 
the  suggested  alternative  is  "yo-yoing"  sections  of  pipeline  in  order  that 
flows  can  be  reversed.  This  has  been  accomplished  on  two  sections  to  date, 
and  other  sections  are  being  considered.  Those  sections  which  have  been 
reversed  are  the  Glacier  pipeline  link  from  Frannie,  Wyoming,  to  Billings, 
Montana,  and  the  Wascana  pipeline  from  Richey,  Montana,  to  Regina, 
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TABLE  IV-8 
Montana  Crude  Oil  Pipeline  Data, 
Thousand  Barrels  Per  Calendar  Day  (MBCD),  1977 


Pipeline 

From 

To 

Diameter 
(Inches) 

Wascana 

Poplar 

Regina,  Sask. 

12 

Western  Crude 

Poplar 

Baker 

10 

Butte 

Baker 

Alzada 

16 

Alzada 

Osage,  WY 

16 

Osage,  WY 

Guernsey,  WY 

16 

Portal 

Culbertson 

Grenora,  ND 

6 

Continental 

Alberta 

Cut  Bank 

2-12 

Alberta 

Cut  Bank 

8 

Cut  Bank 

Bi llings 

12 

Cut  Bank 

Roundup 

8 

Roundup 

Billings 

10 

(Billings 

Laurel)** 

4,8 

(Laurel 

Billings)** 

8 

(Frannie 

Laurel)** 

8 

(Byron 

Frannie)** 

8 

Phillips 

Cut  Bank 

Great  Falls 

5 

Exxon 

Wyoming 

Billings 

12 

Capacity  Throughput*  Source 
(MBCD)     (MBCD) 


24.0 

2.0-3.0 

1,2 

NA 

NA 

1,6 

70.0 

(NA) *** 

1,7 

90.0 

(NA)*** 

1,7 

128.0 

(NA)*** 

1,7 

27.9 

NA 

88.0 

42.0 

1,3 

30.0 

17.0 

1,3 

62.0 

42.0 

1,3 

33.4 

17.0 

1,3 

44.0 

27.0 

1,3 

48.3 

14.5 

1,3 

13.0 

2.5 

1,3 

13.0 

11.8 

1,3 

6.5 

%6.0 

1,4 

64.0 

NA 

1,5 

*1977  Daily  Average 
**3eversible 
***Available  upon  written  request. 

Sources  are  listed  on  the  following  page. 
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Sources: 

1.  Paul  E.  Polzin,  Montana's  Major  Energy  Transportation  Systems,  prepared 
for  Montana  Energy  Advisory  Office,  Helena,  Montana,  1976. 

2.  Ray  Lock,  Murphy  Oil  Company,  Calgary,  personal  communication  to 
Elliot  Rockier,  Missoula,  Montana,  March  1978. 

3.  Bob  Miller,  Continental  Oil  Co.,  Billings,  personal  communication  to 
E.  Rockier,  Missoula,  Montana,  March  1978. 

4.  Phillips  Petroleum  Company,  Great  Falls,  personal  communication  to 
E.  Rockier,  Missoula,  Montana,  March  1978. 

5.  Brad  Fuller,  Exxon,  Billings,  personal  communication  to  E.  Rockier, 
Missoula,  Montana,  March  1978. 

6.  Erroll  Boyle,  Western  Crude  Oil,  Denver,  personal  communication  to 
E.  Rockier,  Missoula,  Montana,  March  1978. 

7.  Richard  Watson,  Butte  Pipeline  Company,  Houston,  personal  communication 
to  E.  Rockier,  Missoula,  Montana,  March  1978. 
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TABLE  IV-9 

Distribution  of  Montana  Crude  Oil  Exports 

by  State  of  Destination 

(Thousand  Barrels) 


Destination 


1973 


1974 


1975 


1976 


Pennsylvania 

346 

360 

769 

368 

1 1 1 inois 

3,096 

2,608 

2,236 

7,713 

Indiana 

13,720 

14,435 

10,907 

7,422 

Kansas 

1,638 

1,065 

1,020 

935 

Minnesota,  Wisconsin 

1,199 

1,617 

2,026 

2,029 

Missouri,  Nebraska 

0 

80 

654 

1,268 

North  Dakota 

1,065 

1,374 

1,304 

1,285 

Ohio 

80 

115 

59 

225 

Oklahoma 

0 

50 

0 

0 

Colorado 

793 

573 

256 

83 

Wyoming 

654 

361 

498 

26 

Utah 

0 

0 

784 

0 

Other  States 

0 

0 

0 

1 

TOTAL 


22,591 


22,638 


20,513 


21,355 


Source:   Itami,  Montana  Historical  Energy  Statistics,  Montana  Energy  Advisory 
Council,  February  1978,  United  States  Department  of  Energy,  Energy 
Information  Administration. 


U.S.  Department  of  Energy,  Crude  Petroleum,  Petroleum  Products 
and  Natural  Gas  Liquids,  Fiscal  Summary,  Energy  Information 
Administration. 
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Saskatchewan.   There  also  has  been  consideration  of  switching  the 
crude  oil  and  refined  products  in  a  single  pipeline.  Although  technically 
feasible,  this  suggestion  is  basically  unworkable  because  of  the  location 
of  product  pipelines.  Product  pipelines  generally  run  to  markets  which 
do  not  coincide  with  oil  producing  fields.  Another  transportation  scheme 
which  has  been  suggested  is  the  Northern  Tier  Pipeline  Company's  proposal 
to  construct  a  crude  oil  pipeline  from  Port  Angeles,  Washington,  to  Clear- 
brook,  Minnesota.  Unit  train  transport  of  Alaskan  crude  from  Port  West- 
ward, Washington,  to  Cut  Bank,  Montana,  and  thence  into  the  Glacier  pipe- 
line system  also  has  been  proposed.  The  Northern  Tier  Pipeline  project 
currently  is  writing  an  environmental  impact  statement  in  anticipation 
of  receiving  the  necessary  permits.  There  appears  to  be  strong  environ- 
mental opposition  to  this  project,  especially  in  the  state  of  Washington. 

3.   Petroleum  Refineries  in  Montana 

There  currently  are  six  operating  refineries  in  Montana.  These  are 
Conoco,  Exxon,  and  Cenex  in  the  Billing  area;  Phillips  in  Great  Falls; 
Westco  in  Cut  Bank;  and  Kenco  in  Wolf  Point.  Until  1977,  the  Big  West 
Refinery  was  operated  at  Kevin,  Montana,  but  this  facility  has  since  been 
dismantled.  The  Big  West  operation  was  the  most  dependent  upon  Canadian 
crude  oil . 

With  the  exception  of  Kenco,  all  of  the  refineries  are  dependent 
upon  supplies  of  Canadian  crude.  The  extent  of  this  dependence  can  be 
seen  in  Tables  IV-10  and  IV-11  and  Figure  IV-5.  Kenco  relies  entirely 
on  Montana-Will iston  Basin  crude  oil,  which  is  trucked  in,  and  exports 
all  products  by  truck  and  rail.  The  National  Energy  Board  of  Canada  has 
set  a  schedule  for  the  reduction  of  Canadian  exports  of  petroleum  products 
to  the  United  States.  This  schedule  is  in  Table  IV-12.  Crude  oil  import 
allocations  are  expected  to  be  zero  by  1982;  condensate  import  allocations 
are  expected  to  fall  to  zero  in  1985. 

With  the  impending  curtailment  of  Canadian  crude  and  condensate, 
the  question  of  refinery  flexibility  arises;  that  is,  to  what  extent  is 
it  possible  to  replace  "sweet",  low-sulfur  Canadian  crude  with  crude  oil 
from  other  sources?  Each  refinery  has  some  flexibility  to  change  the 
relative  volumes  produced  of  motor  gasoline,  heating  oil,  and  residual 
fuel  oil.  These  are  basic  constituents  of  any  crude.  Multiple  variations 
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1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 


TABLE  IV-12 

Actual  and  Projected 

Canadian  Crude  Oil  Exports 

to  the  U.S. 


Xear  Barrels 


(000) 

263 

,165 

312 

,440 

365 

,305 

288 

,715 

219 

,000 

169 

,725 

93 

,075 

60 

,590 

31 

,025 

20 

,075 

1 

,825 

Source:  U.S.  FEA,  Office  of  Oil  &  Gas,  Crude  Oil  Supply  Alternatives  for  the 
Northern  Tier  States,  8/76. 
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are  possible,  including  investment  in  the  processes  to  convert  residual 
oils  into  gasoline  and  heating  oil  and  to  upgrade  the  quality  of 
that  gasoline  into  premium  gasoline.  Second-guessing  these  possibilities 
and  variables  for  each  plant  has  not  been  possible. 

For  the  northern  Montana  refineries,  there  is  little  question  of 
flexibility.  Westco  depends  entirely  on  Montana  crude.  Phillips 
supplements  its  Montana  (Cut  Bank)  supply  with  approximately  two  thous- 
and barrels  of  crude  per  day  and  has  no  alternative  sources  unless  North 
Slope  crude  can  be  brought  down  from  Alaska.  (However,  Phillips  reports 
it  has  exchanges  in  place  to  keep  up  the  Canadian  in-flow.)  The  plant, 
as  is,  can  handle  the  high  sulfur  Alaskan  oil,  but  the  proportion  of 
high  sulfur  "bottoms"  in  the  product  mix--asphalt  and  residual  oils 
(resids)--would  increase.  There  is  no  local  market  for  these  substances, 
and  marketability  is  critical  to  protect  the  area  from  overflowing  asphalt. 
Southern  Montana  refineries  at  Billings  depend  heavily  on  Canadian  crude. 
Their  only  immediate  substitute  is  a  heavy,  "sour"  mix  Wyoming  crude, 
and  the  "bottoms"  problem  exists  for  all  three  refineries.  (All  three 
have  negotiated  exchanges  for  immediate  needs.) 

Cenex  (Farmer's  Union)  at  Laurel  estimates  it  could  run  100  percent. 
Montana  crude  or  100  percent  high  sulfur,  low  asphalt  Alaskan  North  Slope 
crude  without  modification  and  ship  heavier  products  farther  than  it  does 
at  present.  To  process  60  percent  Wyoming  crude,  however,  currently 
would  be  uneconomic  at  the  minimum  throughput  of  20,000  barrels  per  day. 
Cenex  has  considered  adding  a  hydro-cracker  or  coker  to  enable  it  to 
process  more  heavy  crude,  but  these  are  not  feasible  without  expanding 
the  refinery.  Wyoming  crude  is  not  now  available  to  Cenex  in  quantities 
which  would  exceed  60  percent  of  the  minimum  throughput.  Cenex  does 
receive  Canadian  crude  on  exchange  (for  Gulf  Coast  crude  sent  to  eastern 
Canadian  refineries)  at  an  estimated  rate  of  five  thousand  barrels  per 
day. 

The  Conoco  refinery  operates  a  clean  condensate  unit,  which  brings 
its  nominal  capacity  to  52.5  thousand  barrels  per  calendar  day  (MBCD), 
to  handle  Canadian  condensate.  There  is  no  substitute  for  this  supply  at 
present.  When  it  runs  out  in  1985  (estimated),  the  refinery's  nominal 
capacity  will  crop  to  35.0  MBCD.  Conoco  has  negotiated  exchanges  for 
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its  Billings  and  Rangehall  operations  jointly;  presently,  these  two  are 
receiving  25.0  MBCD  in  exchanges  and  21.5  MBCD  in  allocations.  Condensate 
makes  the  refinery's  operations  flexible  without  modification.  Crude 
and  condensate  can  be  mixed  in  varying  proportions  to  produce  to  speci- 
fication. However,  the  refinery  may  be  uneconomic  when  condensate  supply 
is  gone. 

The  Exxon  refinery  recently  expanded  its  coker  capacity  by  6,000 
MBCD  at  a  cost  of  $7,000,000  to  increase  its  ability  to  recycle  bottoms 
into  distillates  and  thereby  enhance  its  capacity  to  process  Wyoming 
heavy  crudes.  Nevertheless,  it  still  will  have  a  surplus--asphal t  and 
resids—position,  like  Cenex  and  Conoco,  if  it  handles  more  heavy  crudes. 
Currently,  this  refinery  receives  2.0  MBCD  on  exchange  and  it  anticipates 
substituting  North  Slope  crude.   It  also  may  receive  some  Powder  River 
sweet  crude  over  a  Marathon-Platte  (reversal )-Glacier  interconnection  if 
this  pipeline  modification  is  undertaken.  Minimum  throughput  to  keep 
the  Exxon  refinery  technically  operational  is  about  30,000  barrels.  To 
keep  it  economically  operational,  however,  probably  requires  higher  flow- 
throughs . 

4.   The  Oil  Supply  Submodel 

The  oil  supply  submodel  consists  of  two  linked  components:  an  oil 
discoveries  submodel  and  an  allocation  submodel.  The  allocation  sub- 
model is  included  to  compensate  for  the  distribution  systems'  inability 
to  deliver  the  bulk  of  Montana  crude  to  Montana  refineries.  The  allocation 
procedure  utilized  is  simple:  a  five-year,  moving  average  of  the  percen- 
tage of  production  available  for  Montana  refineries  is  computed  and  applied 
to  anticipated  production. 

The  approach  taken  with  the  crude  oil  discovery  submodel  is  predi- 
cated on  three  behavioral  assumptions: 

•  Investment  in  exploratory  drilling  is  a  function  of  the 
anticipated  return  on  that  activity  (e.g.,  higher  oil  prices 
stimulate  exploration); 

•  The  productivity  of  each  successive  dollar  spent  on  drilling 
decreases  as  the  finite  amount  of  undiscovered  oil  reserves 
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decreases,  (i.e.,  the  probability  of  success  decreases  with 
respect  to  the  amount  of  oil  discovered);  and 

•  Major  discoveries  of  oil  will  encourage  additional  exploration 
because  of  the  increased  knowledge  gained  through  that  effort 
and  also  because  of  the  increased  psychological  incentives 
which  result  from  a  major  discovery. 

Each  of  these  behavioral  characteristics  is  demonstrated  to  some 
degree  in  the  historical  data. (e.g.,  the  Bell  Creek  discovery  of  1967). 
Recent  increases  in  the  world  price  of  oil  have  encouraged  additional 
drilling  and  drilling  expenditures. 

The  three  behavioral  assumptions  listed  above  have  been  defined  as 
four  mathematical  functions  dependent  upon  the  previously  defined  five 
time  periods.  Initial  data  points  are  derived  from  historical  data. 
The  definitions  for  each  of  the  four  functions  follow: 

•  Fl  =  Exploratory  drilling  $/Year  vs.  return  ratio; 

•  F2  =  Barrels  (BBL)  discovered/  $  spent  vs.  cumulative  discovery; 
F3  =  Drilling  rate  adjustment  vs.  discovery  multiplier;  and 

•  F4  =  Size  of  a  major  discovery  (BBL/Year). 

Three  variables  describe  historical  averages  for  productivity, 
drilling  rates,  and  a  discovery  multiplier.  Two  other  variables  describe 
resource  availability  and  use  in  the  state.  These  five  variables  together 
compose  the  stated  variables  in  the  submodel: 

51  =  Average  productivity  (BBL/$  spent); 

52  =  Average  discovery  multiplier; 

53  =  Normal  drilling  rate; 

54  =  Undiscovered  oil  (BBL);  and 

55  =  Cumulative  discovered  oil  (BBL). 

The  model  has  ten  other  variables,  one  exogenous,  four  derived,  and  five 
ancillary.  The  exogenous  variable  is 

El  =  well  head  price  of  oil  (1976  dollars). 

The  derivative  variables  are  listed  below: 
Dl  =  Smoothed  productivity; 


A-55 


■ 

■ 
I 

I 


s 
I 


•  D2  =  Smoothed  discovery  multiplier; 

•  D3  =  Normal  drilling  rate;  and 

•  D4  =  Discovery  rate  (BBL/year). 

Ancillary  variables  for  the  submodel  include  the  following: 

•  Al  =  Return  ratio  ($/BBL)/(BBL/$  spent); 

•  A2  =  Drilling  rate  ($/Year); 

•  A3  =  Normal  discovery  (BBL/Year); 

•  A4  =  Actual  Productivity  (BBL  discovered/$) ;  and 

•  A5  =  Discovery  ratio. 

A  flow  chart  of  the  oil  supply  submodel  is  shown  in  Figure  IV-6. 
Variable  names  and  numbers  coincide  with  the  numbers  and  definitions  given. 
Output  from  the  oil  supply  submodel  includes  all  of  the  variables,  with 
the  exception  of  the  derivative  variables. 

C.   Gas 

Montana  has   two  major  suppliers  of  natural    gas:     the  Montana  Power  Company 
(MPC)   and  Montana  Dakota  Utilities   (MDU).     MPC  supplies  natural   gas  to  the 
western   two-thirds  of  the  state  and  MDU  supplies  the  eastern  one-third.     Nine 
other  small    utilities   purchase  gas   from  MPC  and  MDU  for  local   distribution. 
Other  gas  producers   in  the  state  include  Northern  Natural   Gas  Company  (NNG), 
which  produces  gas   in  northeastern  Montana  for  export  to  Minnesota,  and  the 
Colorado   Interstate  Gas  Company,  which  produces  and  purchases  gas  in  the  Elk 
Basin  field   in  southeastern  Montana  for  export  south. 

Each   of  the  three  largest  producers   (MPC,   MDU,   and  NNG)   serve  distinct 
geographical   areas  and  maintain  separate  distribution  systems.     MPC's  and  MDU's 
distribution  systems  have  only  one  common  point,   and  NNG  has   no  common  point 
with  either  of  the  other  major  producers.      Competition   in   the  state  for  gas 
is  limited  to  four  fields.     The  producing  fields,   first-year  production,  and 
purchasing  utility  for  each   field   is   shown   in  Table   IV-13.     Figure   IV-2,   in 
the  previous  section,  shows  the  geographic  location  of  each  of  these  fields  and 
the  pipeline  distribution  systems.      Pipeline  size  and  ownership  are  noted  on 
the  map  next  to  each  of  the  pipeline  segments. 

The  supplies  of  natural    gas  and  reserves  for  each  of  the  supplies  will   be 
discussed  separately  for  each  major  distributor.     Estimates  of  undiscovered 
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TABLE  IV-13 
Montana  Natural  Gas  Fields  and  Utility  Purchase  Patterns 


FIELD 


Alma 

Bears  Den 

Black  Jack 

Bid  Rock 

Bowes 

Bullwalker  &  Area 

Canadian  Coulee 

Clark  Fork  North 

Conrad  Butte 

Cutbank  (reagan) 

Dry  Creek 

Dry  Creek  Middle 

Dunkirk  North 

Flat  Coulee 

Fred  &  George 

Gold  Butte 

Grandview 
-Gypsy  Basin 

Haystack  Butte 

Keith  Block 

Kevin  Sunburst 
-Kevin  Sunburst  Nisku 

Kicking  Horse 

Kinyon  Coulee  Area 

Middle  Butte 
-Miner's  Coulee 

Mount  Lilly 
-Prairie  Dell 
-Rocky  Boy 
-Sage  Creek 

Snoose  Coulee 

South  Devon 
-South  Shelby 

Strawberry  Creek 

Trail  Creek 

Utopia 

West  Butte 

Unit! ash 
-Willow  Ridge 

Ethridge 

Rattlesnake  Coulee 
(Associated  Gas) 


FIRST  YEAR  OF 

UTILITY 

COUNTY 

PRODUCTION  * 

PURCHASER* 

Liberty 

1976 

MPC 

Liberty 

1952 

MPC 

Liberty 

1969 

MPC 

Glacier 

-- 

MPC 

Blaine 

1926 

MPC 

Blaine, 

Choteau 

1976 

MPC 

Hill,  Li 

berty 

1974 

MPC 

Carbon 

1975 

MPC 

Pondera, 

Toole 

1976 

MPC 

Glacier, 

Toole 

1930 

MPC  ** 

Carbon 

1932 

MPC 

Carbon 

1975 

MPC 

-- 

-- 

MPC 

Liberty 

1956 

MPC 

Toole 

-- 

MPC 

Toole 

1963 

MPC 

Liberty 

1959 

MPC 

-- 

-- 

MPC 

Liberty 

1941 

MPC 

Liberty 

1952 

MPC 

Toole 

1924 

MPC  *** 

Toole 

-- 

MPC 

Toole 

1946 

MPC 

Toole 

1976 

MPC 

Toole 

1963 

MPC 

-- 

-- 

MPC 

Liberty 

1964 

MPC 

Toole 

-- 

MPC 

-- 

-- 

MPC 

-- 

-- 

MPC 

Liberty 

1976 

MPC 

Toole 

1972 

MPC 

Toole 

— 

MPC 

Toole 

1975 

MPC 

Liberty- 

■Toole 

1971 

MPC 

Liberty 

1949 

MPC 

Toole 

1972 

MPC 

Liberty 

1930 

MPC 

-- 

-- 

MPC 

Toole 

1973 

MPC  + 

Toole 

__ 

MPC 
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TABLE  IV-13  (Cont.) 


FIELD 


COUNTY 


FIRST  YEAR  OF 
PRODUCTION* 


UTILITY 

PURCHASER* 


Bowdoin 
Cedar  Creek 
Hardin 

Li  scorn  Creek 
Plevna 

Pumpkin  Creek 
Rape! je 
Swanson  Creek 

Associated  Gas 
Bell  Creek 
Cabin  Creek 
Fairview 
Four  Mile  Creek 
Glendive 

Middle  Sioux  Pass 
Otis  Creek 
Pine 

Richland 

Sioux  Pass 

Sioux  Pass,  North 

Sumatra 

Tule  Creek 


Phillips,  Valley 

Fallon 

Bid  Horn 

Custer 

Fallon 

Custer 

Stillwater 

Phillips 

Powder  River 

Fallon 

Richland 

Richland 

Dawson 

Richland 

Richland 

Dawson,  Prairie, 

Fallon,  &  Wibaux 

Richland,  Roosevelt 

Richland 

Richland 

Rosebud 

Roosevelt 


1930 
1921 
1935 
1972 
1956 
1957 
1974 
1976 


MDU+ 

MDU 

MDU 

MDU 

MDU 

MDU 

MDU 

MDU 

MDU 
MDU 
MDU 
MDU 
MDU 
MDU 
MDU 

MDU 

MDU 
MDU 
MDU 
MDU 
MDU 


Black  Coulee 
Brown's  Coulee 
-Chip  Creek 

Coal  Coulee 

Fresno 

Sherard 


Blaine 
Hill 


Hill 
Hill 
Blaine, 


Choteau 


1973 
1957 


1975 
1976 
1974 


Northern 
Northern 
Northern 

(MPC,  t 
Northern 
Northern 
Northern 


Natural 

Natural 

Natural 

race) 

Natural 

Natural 

Natural 
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TABLE  IV-13  (Cont.) 


FIELD 

COUNTY 

FIRST  YEAR, 
PRODUCTION1 

OF 

UTILITY 
PURCHASER  * 

COMPETITIVE  FIELDS  +++ 

Big  Coulee 

Golden  Valley, 

Stillwater  1956 

MDU  -  70% 
MPC  -  30% 

Lake  Basin 

Stillwater 

1965 

MDU  *   37.5% 

MPC  ^  62.5% 

Sawtooth  Mountain  and  area      Blaine  1976  MPC  ^  83% 

UN  "-  17% 

Tiger  Ridge  Blaine,   Hill  1969  MPC  ^  18.0rJ 

m     r-  80%+ 

Elk  Basin  Carbon  —  MPC   ? 

(Associated  Gas)  MDU   ? 


*  Source:  Montana  Department  of  Natural  Resources  and  Conservation,  Oil  and 
Gas  Conservation  Division,  1978. 

**  Cutbank  Gas  and  Treasure  State  Power  &  Light  produce  a  small  amount  of  gas  in 
this  field  for  direct  sale  to  consumers. 

***  Treasure  State  Power  &  Light  produces  a  small  amount  of  gas  in  this  field  for 
direct  sale. 

+  Production  from  this  field  has  supplied  a  refinery  in  the  past,  but  probably 
goes  to  MPC  at  present. 

++  Saco  Municipal  Gas  produces  a  small  amount  of  gas  in  this  field  for  direct 
sale  to  consumers. 

+++  Purchase  percentages  are  calculaged  according  to  January  1978  data. 
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reserves  for  state  will   be  discussed  as  a  single  entity.* 
1.       Natural   Gas  Supply—Montana  Power  Company  (MPC) 

In  contrast  to  the  strong  indications  of  future  gas  shortages  prevalent 
over  the  past  few  years,   the  Montana  Power  Company  (MPC)   presently  is   in  a 
supply  surplus  situation  which   is  likely  to  continue  for  the  foreseeable  future. 
Although  greater  amounts  of  gas  apparently  will   be  available  from  MPC's  supply 
sources,  a  primary  reason  for  the  improved  supply  situation   is  the  sub- 
stantial  reduction   in  demand  for  MPC's  gas.      In  response  to  the  apparent 
supply  crises   and  higher  prices,  MPC's   industrial    customers  cut  demand 
for  natural    gas  by  3.441   billion  cubic  feet  (bcf)   between  1975  and   1976, 
and  residential   and  commercial   customers  cut  demand  by  2.276  bcf  for  the 
same  period.     Natural    gas  sales  reductions   in  all   consumption  sectors  for 
the  period  totaled  5.841   bcf,   or  a   little  over  13  percent  of  MPC's   total 
gas   sales   (i.e.,   44.302  bcf  in  1976). 

MPC  received  the  following  amounts  of  gas   annually  from  in-state 
production   for  the  period  1973-1975: 

MONTANA  GAS  TO  MPC 

1973  11 .7  bcf 

1974  10.3  bcf 

1975  ^  14.0  bcf 

1976  ^  15.0  bcf 

1977  20.7  bcf     Source:  MPC 

The  substantially  increased  use  of  Montana  gas  in  1977  reduced  MPC's 
dependence  on  Canadian  gas  to  60  percent  of  its  total  supply  as  compared 
to  87  percent  in  1973.  MPC  expects  to  continue  using  approximately  20 
bcf  of  Montana  gas  annually  in  the  future. 

MPC  drastically  increased  the  budget  for  in-state  gas  exploration  in  1971 
through  1972  as  shown  in  Figure  IV-7  and  has  continued  to  allocate  approxi- 
mately the  same  level  of  funds  shown  for  1972  through  1975.  However,  higher 
gas  prices  since  1972  have  had  a  positive  effect  on  overall  exploration  acti- 
vity in  the  state  (see  section  5,  following)  and  MPC's  reduced  demand 


*Those  reserves  currently  undiscovered  which  are  estimated  to  exist  in 
favorable  geologic  settings. 
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has  caused  the  company  to  stop  drilling  many  new  wells  or  pursuing  new 
development  of  reserves  for  the  present.  For  example,  the  company 
acquired  reserves  in  the  South  Bearpaw  area  of  north  central  Montana  in 
1975  and  drilled  over  100  wells  during  1975  through  1976,  but  while  the 
present  surplus  situation  prevails,  development  will  not  proceed  further. 
MPC's  supply  has  been  augmented  further  by  the  purchase  of  about  19  bcf 
of  additional  reserves  in  the  Leroy  field  of  north  central  Montana  from 
Fuel  Company,  a  subsidiary  of  Colorado-Interstate  Gas.  At  present,  MPC 
does  not  want  to  inhibit  exploration,  but  development  of  new  reserves 
will  be  postponed  in  order  to  preserve  the  in-state  supply  as  much  as 
possible  for  the  future. 

The  Canadian  gas  supply  situation  officially  has  remained  unchanged 
since  1972  when  Canada  announced  that  export  licenses  would  not  be  re- 
newed. However,  the  availability  of  new  reserves  and  continuing  explora- 
tion seem  to  indicate  that  the  future  supply  will  be  considerably  greater 
than  the  National  Energy  Board  anticipated  in  1972  and  that  exports  will 
be  allowed  to  continue. 

From  a  record  total  of  50  bcf  of  Canadian  gas  exported  to  Montana  in 
1973,  the  volume  will  be  reduced  according  to  the  schedule  shown  in  Figure 
IV-8  until  the  total  amount  authorized  is  exhausted  in  1989.  The  exports 
are  distributed  between  two  licenses,  one  for  Carway  and  one  for  Aden. 
The  Aden  license  will  expire  in  1985  and  the  Carway  license  in  1993. 
However,  because  of  accelerated  rates  of  export  in  the  past,  MPC's  total 
export  volume  limitation  will  be  used  up  by  approximately  1989. 

One  important  change  recently  has  been  made  in  the  license  structure 
which  allows  MPC  more  flexibility  than  in  the  past.  Although  the  allowable 
volume  of  annual  exports  remains  unchanged,  MPC  has  received  permission 
from  Canada  and  signed  contracts  commencing  in  November  1978  to  shift  up  to 
20  bcf  per  year  from  the  Carway  license  to  the  Aden  license.  Gas  from  the 
Aden  field  historically  has  been  approximately  one-third  purchased  and  two- 
thirds  produced  by  MPC's  subsidiary,  Canadian-Montana  Gas  Limited.  MPC 
will  save  by  this  new  arrangement,  because  all  Carway  gas,  by  contrast,  is 
purchased  from  Alberta  and  Southern  Gas  Company,  Ltd.  MPC's  current  sur- 
plus situation  has  made  the  expensive  Canadian  gas  less  attractive,  but 
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Figure  IV-8 
Schedule  of  Reduction  of  Gas  Imported  from  Canada 


DATE 


CARWAY 


July  1974 

29.2 

May  1975 

29.2 

May  1976 

29.2 

May  1977-1985 

1985-1986 

1986-1989 

1990 

DEN 

ANNUAL  TOTAL 

20 

49.2 

10 

39.2 

5 

34.2 

29.2 

25.55 

14.6 

0 

SOURCE:  Montana  Power  Company 
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the  Alberta  and  Southern  (Carway)  gas  is  contracted  on  a  "take  or  pay" 
basis.  MPC  recently  has  renegotiated  this  contract  so  that  it  will  be 
possible  to  make  up  any  prepayments  of  gas  over  the  remaining  life  of 
the  contract;  however,  if  MPC  delays  in  taking  the  gas,  it  is  obligated 
to  pay  the  price  of  the  gas  at  the  time  of  ultimate  delivery.  The  present 
surplus  situation  has  caused  MPC  to  offer  2.5  bcf  of  Canadian  gas  per  year 
to  Montana  Dakota  Utilities  (MDU)  for  a  five-year  period  and  an  additional 
250  million  cubic  feet  (mcf)  annually,  if  possible,  which  MDU  would  be 
obligated  to  use  in  Montana.  This  proposal  has  been  approved  by  the 
state  regulatory  commissions  in  Montana  and  North  Dakota  but  permission 
still  is  needed  from  South  Dakota,  Wyoming,  and  the  Federal  Energy  Regulatory 
Commission  (FERC);  according  to  MDU,  the  proposal  is  likely  to  be  approved. 

MPC  has  indicated  that  more  Alberta  gas  nay  be  available  in  the  future 
primarily  because  of  increased  reserves  and  a  corresponding  surplus  situa- 
tion in  Canada.  Development  of  the  MacKenzie  Delta  gas  field  in  the  Cana- 
dian Arctic  will  make  a  major  contribution  to  national  supply,  although 
this  gas  potentially  will  be  as  expensive  as  other  Arctic  gas.  Due  to 
reduced  exports  and  increased  reserves,  Alberta  also  has  a  gas  surplus 
which  should  continue  for  a  minimum  of  five  years.  At  present,  the  only 
pipeline  leading  out  of  the  southeastern  Alberta  gas  fields  (i.e.,  Aden) 
extends  into  Montana.  Alternative  choices  open  to  Canada  would  include 
shutting  the  gas  in,  constructing  another  pipeline  into  the  Aden  field, 
or  allowing  MPC  to  export  the  remaining  reserves.  MPC  obviously  hopes 
for  the  latter.  MPC's  subsidiary,  Altana  Exploration  Company,  presently 
is  involved  in  gas  explorations  north  of  the  Aden  field  which,  if  success- 
ful, would  add  to  Canada's  reserves  and  provide  Canada  with  a  further 
incentive  to  continue  exporting  gas  in  the  future. 

An  estimated  additional  five  bcf  per  year  may  be  available  to  MPC 
by  approximately  1983  depending  on  the  construction  and  ownership  arrange- 
ments associated  with  the  Alaskan  gas  pipeline.  MPC  has  a  purchase  agree- 
ment for  7.25  percent  of  Pacific  Gas  and  Electric  Company's  (PG&E)  share 
of  Alaskan  gas  transported  through  the  line.  PG&E  is  part  of  the  consor- 
tium called  the  Northwest  Alaska  Pipeline  Company  which  will  build  the 
Alaskan  portion  of  the  line.  The  general  route,  which  follows  the  Aleyeska 
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oil  pipeline  and  the  Alaskan  Highway,  received  approval  from  the  President 
and  FERC  late  in  1977,  but  numerous  permits  and  approvals  still  are   needed 
from  the  Department  of  Interior  and  Transportation  and  from  various  Cana- 
dian agencies  for  specific  segments  of  the  route.  In  Canada  the  route 
follows  the  Alaskan  Highway  across  the  Yukon  Territory  to  a  point  north 
of  Whitehorse  where  the  proposed  Dempster  Highway  pipeline  from  the  Mac- 
Kenzie  Delta  area  can  be  connected  in  the  1980's.  Proceeding  southeast 
across  British  Columbia  and  Alberta,  the  line  will  separate  into  east  and 
west  delivery  systems  at  James  River,  Alberta. 

It  presently  appears  that  these  southern  portions  of  the  Alaskan  line 
will  be  constructed  first  to  carry  Albertan  surplus  gas  to  the  U.S.  by 
1980.  The  western  leg  of  the  pipeline  would  carry  approximately  240  mcf 
per  day  of  Alberta  gas  through  Kingsgate,  British  Columbia  and  into  the 
Pacific  pipeline  system  by  early  1980.  The  eastern  line,  which  would 
cross  the  three  northeastern-most  counties  of  Montana,  would  carry  800  mcf 
per  day  to  the  midwestern  U.S.  The  Province  of  Alberta  must  obtain  export 
approval  from  the  National  Energy  Board;  it  appears  likely  that  permission 
will  be  granted  on  the  condition  that  the  gas  be  priced  commensurately  with 
the  eventual  purchase  price  of  Alaskan  gas  and  that  an  equivalent  amount  of 
Alaskan  gas  will  be  made  available  to  Canada  in  the  future.   It  is  probable 
that  the  Alaskan  gas  could  cost  as  much  as  five  to  six  dollars  per  mcf. 
MPC  supply  projections  indicate  ten  bcf  from  new  Alberta  sources  in  the 
1990' s;  but  MPC  could  be  obligated  to  take  this  new  gas  when  it  becomes 
available  in  the  early  1980's.   If  MPC's  surplus  supply  situation  continues, 
arrangements  similar  to  the  recent  MDU  contract  may  be  necessary  to  dispose 
of  the  gas. 

In  the  late  1980's  to  1 990 ' s  MPC  is  considering  several  other  poten- 
tial supply  alternatives.  The  company  owns  natural  gas  acreage  in  the 
Green  River  Basin  in  Wyoming  and  in  the  Overthrust  area  in  Utah.  Also,  MPC 
has  had  discussions  with  Champlin  and  Chevron  Oil  Companies  concerning 
future  supply  from  the  Tickman  Creek  field  in  Wyoming,  but  no  contracts 
have  been  signed. 

MPC's  current  ten-year  plan,  filed  in  April  1978  in  compliance  with  the 
Major  Facility  Siting  Act,  contains  preliminary  plans  for  a  coal  gasifi- 
cation facility  of  35  mcf  per  year  capacity  which  may  be  constructed  in 
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partnership  with  MDU.  Feasibility  studies  presently  are  underway  to 
determine  whether  a  unit  of  this  size  would  be  cost  competitive;  a 
larger  consortium  would  be  necessary  to  finance  a  larger  facility,  and 
state  or  federal  assistance  also  may  be  needed. 

In  summary,  Canadian,  Wyoming,  and  Utah  sources,  coal  gasification, 
development  of  Montana  reserves,  or  some  combination  of  these  alternatives 
could  provide  from  20  to  50  bcf  to  the  MPC  system  starting  in  the  1980's. 

2.   Natural  Gas  Supply--Montana-Dakota  Utilities  Company 

Montana  Dakota  Utilities  Company's  (MDU)  supply  situation  has  improved 
considerably  since  April  1976  when  it  applied  to  the  EPC  for  authorization 
to  curtail  gas  deliveries  to  its  industrial  customers  by  21.4  percent  for 
the  1976-77  supply  year.  The  curtailment  plan  ultimately  would  reduce  the 
annual  amount  of  gas  sold  to  industrial  customers  by  40  percent,  based  on 
an  average  of  the  gas  consumed  from  1973  to  1975.  Many  of  MDU's  industrial 
customers  either  already  have  converted  to  other  fuels  or  initiated  conser- 
vation measures.  In  November  1976,  Montana's  Environmental  Quality  Council* 
reported  that  announced  plans  for  conversion  and  conservation  would  reduce 
MDU's  1975  industrial  demand  for  gas  by  30  percent  by  1980  and  most  of  the 
remaining  industrial  demand  would  convert  to  other  fuels  (where  possible) 
by  1985. 

In  filing  its  curtailment  plan,  MDU  stated  that  the  curtailments  were 
necessary  to  maintain  storage  reservoirs  at  levels  adequate  to  assure  service 
to  existing  and  future  high  priority  customers.  The  Federal  Power  Commission 
initially  refused  to  allow  MDU  to  add  new  high  priority  customers  (i.e., 
residential  and  small  commercial  customers)  while  in  the  process  of  curtailing 
its  existing  customers,  especially  since  MDU  anticipated  a  supply  shortage  by 
1981  if  the  curtailments  were  not  allowed  and  since  the  company  would  increase 
profits  by  redistributing  its  supply  to  new  residential  and  commercial  cus- 
tomers. An  interim  settlement  authorized  MDU  to  add  4000  new  customers  per 
year,  system-wide,  on  the  condition  that  the  company  add  at  least  30  bcf  per 
year  to  its  reserves.  MDU  met  this  requirement  for  1976  and  in  1977  added  the 
new  customers,  1220  of  which  are  in  Montana.   In  1977  MDU  added  35  bcf  of  new 
reserves  to  its  holdings  and  in  1978  added  1186  new  customers  in  Montana.  In 


*Frizzel,  Tom,  Montana's  Natural  Gas  Supply  Crises,  Environmental  Quality 
Staff  Report,  Helena,  Montana,  November  1976. 
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1978  MDU  expects  to  add  considerably  more  than  35  bcf  to  its  reserves.  The  FERC 
has  not  issued  a  final  decision  on  MDU's  curtailment  plan  and  the  associated 
addition  of  new  customers,  but  the  company  anticipates  eventual  approval. 

The  reserves  added  in  1977  are  located  in  Wyoming,  North  Dakota,  and 
Montana,  but  a  major  source  of  future  reserves  apparently  is  located  north 
of  the  Bowdoin  field  in  Montana.  The  U.S.  Geological  Survey  (USGS)  has  pub- 
lished information  concerning  this  area  as  part  of  a  program  "designed  to 
characterize  natural  gas  resources  in  low  permeability  (tight)  reservoirs  in 
the  Rocky  Mountain  Region."*  The  USGS  Resource  Appraisal  Group  is  responsi- 
ble for  formulating  estimates  of  the  "gas-in-place"  in  areas  included  for 
study.  The  Northern  Great  Plains  study  area  includes  the  Bowdoin  area  and 
the  adjoining  gas  producing  area  of  southeastern  Alberta  as  a  unified  geolo- 
gic province,  shown  in  Figure  IV-9.  The  lack  of  data  on  this  territory  has 
not  been  included  in  previous  natural  gas  resource  reports  published  by  the 
USGS.  In  1974  the  Suffield  Evaluation  Committee,  appointed  by  the  Province 
of  Alberta,  evaluated  a  1000  mile  area  with  76  gas  wells  and  assigned  an  in- 
place  gas  reserve  estimate  of  3.7  trillion  cubic  feet.  The  same  gas-bearing 
formation  covers  approximately  35,000  square  miles  in  the  U.S.;  and  based  on 
the  Suffield  data,  the  formation  should  contain  up  to  130  trillion  cubic  feet 
(tcf)  of  gas  in-place.  Of  this  total,  about  90  tcf  is  considered  recoverable. 
A  co-author  of  the  USGS  study  reports  that  100  tcf  is  located  north  of  the 
Bowdoin  field  and  that  sand  fracturing  technology  capable  of  recovering  5000 
mcf  per  day  is  available,  although  this  production  rate  would  decline  over 
time. 

Approximately  40  percent  of  MDU's  Montana  demand  comes  from  in-state 
production  (about  eight  bcf)  and  the  remainder  is  from  Wyoming  (about  12  bcf). 
MDU  actually  imports  about  twice  that  much  gas  from  Wyoming,  23  to  30  bcf 
per  year,  and  transports  the  remainder  to  North  Dakota.  MDU  anticipates  a 
gradual  growth  of  imports  from  Wyoming  in  the  future  but  declines  to  speculate 
on  the  amount. 

The  bulk  of  the  company's  exploration  activities  are  conducted  in  Wyoming. 
MDU  has  been  drilling  only  seven  to  ten  wells  per  year  in  Montana  and  has  no 


*U.S.  Geological  Survey,  "Geological  Program  to  Provide  a  Characterization  of 
Tight,  Gas-Bearing  Reservoirs  on  the  Rocky  Mountain  Region,"  Proceedings, 
Third  Energy  Research  and  Development  Administration  Symposium  on  Enhanced 
Oil  and  Gas  Recovery  and  Improved  Drilling  Methods,  Volume  II,  Tulsa,  Oklahoma, 
1977. 
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FIGURE  IV-9 

Stratigraphic  Chart  of  Geologic  Formations  Producing  Natural  Gas  and 
with  Potential  for  Gas  Production  in  the  Northern  Great  Plains 
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plans  to  increase  its  explorations  because  it  is  presently  operating  at  a 
deficit  in  Montana  (-0.7  percent  on  earnings  in  1977).  Of  the  approximate  50 
bcf  that  MDU  distributed  system-wide  in  1976,  30  bcf  came  from  Wyoming,  10  bcf 
from  Montana,  and  11  bcf  from  North  Dakota. 

As  discussed  in  the  previous  section  on  MPC's  gas  supply,  MDU  will  be 
receiving  2.5  bcf  per  year  of  MPC's  Canadian  gas  and  an  optional  250  mcf  per 
year  specifically  for  distribution  within  Montana.  This  will  be  a  five-year 
contract  when  approved  by  the  federal  and  state  regulatory  agencies.  This 
gas  has  not  been  included  in  MDU's  reserve  totals.  MDU  has  been  looking 
into  the  possibility  of  buying  gas  in  Alaska  and  arranging  to  have  it  trans- 
ported, but  no  commitments  have  been  made  and  no  estimates  of  the  potential 
volume  are  available.  Finally,  MDU  may  obtain  some  gas  from  the  joint  coal 
gasification  project  with  MPC  (described  in  the  previous  section),  but  plans 
are  still  at  the  conceptual  level. 

3.   Natural  Gas  Production 

Natural  gas  production  data  by  field  are  available  from  annual  reports 
of  the  Oil  and  Gas  Conservation  Division  of  the  Montana  Department  of  Natural 
Resources  and  Conservation  for  the  period  from  1916  to  1976.  This  informa- 
tion is  collected  through  the  gas  producer's  license  tax  from  each  producer 
for  each  lease.  Figure  IV-2  shows  the  location  of  most  of  the  fields  in 
current  production  and  Table  IV-13  shows  each  field's  first  year  of  produc- 
tion; the  annual  data  may  be  tabulated  to  show  cumulative  production  for 
each  field. 

Since  mid-1975  the  Montana  Department  of  Revenue,  Miscellaneous  Tax 
Division  has  collected  annual  natural  gas  production  data  by  lease  in  asso- 
ciation with  the  natural  gas  severance  tax.  Prior  to  1975,  this  information 
was  collected  under  the  auspices  of  the  gas  distributor's  tax.  The  total 
revenue  derived  from  the  annual  production  at  each  field  is  also  available. 
The  Department  of  Revenue  and  Department  of  Natural  Resources  have  different 
reporting  requirements,  and  as  a  result,  there  are  discrepancies  in  the  aver- 
age range  of  one  to  five  bcf  between  the  total  state  annual  production  data 
available  from  each  agency.  Detailed  analyses  would  be  required  to  determine 
which  source  is  more  accurate. 
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4.   Natural  Gas  Prices 

Prices  for  natural  gas  consumed  in  Montana  reflect  a  varied  set  of 
regulatory  mechanisms  and  contract  provisions.  Detailed  wellhead  price 
information  for  gas  produced  in  Montana  is  available  from  the  natural  gas 
severance  tax  files  at  the  Miscellaneous  Task  Division  of  the  Montana  Depart- 
ment of  Revenue.  Figure  IV-10  is  an  example  of  the  information  contained  in 
these  files.  The  severance  tax  files  were  begun  when  the  tax  became  effective 
on  July  1,  1975.  Wellhead  price  information  also  has  been  available  since 
July  1,  1977,  in  the  oil  and  gas  production  tax  files  at  the  State  Depart- 
ment of  Natural  Resources  and  Conservation.  Gas  producers  file  production 
and  price  information  on  a  quarterly  basis  for  each  lease  held.  Each  pro- 
ducer usually  holds  numerous  leases,  and  each  lease  may  reflect  a  different 
contract  arrangement.  Therefore,  different  prices  are  set  for  each  of  the 
leases. 

Table  IV- 14  is  a  history  of  gas  prices  compiled  by  MPC.   In  1970  MPC 
increased  all  gas  prices  to  ten  cents  per  mcf  (for  sweet  gas)  and 
from  1970  through  July  1974  new  gas  prices  increased  from  16<t  to  55<£  per 
mcf.  In  July  1974  all  contracts  were  increased  to  40<t  per  mcf. 
A  portion  of  MPC's  gas  contracts  are  still  at  this  price  level.  After  May 
1975  new  gas  prices  increased  sharply  to  a  peak  of  $1.75  per  mcf  in  July 
1976.  At  that  time  Federal  Power  Commission  (FPC)  Opinion  770  set  the 
price  of  new  interstate  gas  at  $1.42.  Since  MDU  and  Northern  Natural  Gas 
Company  are  both  interstate  companies,  all  gas  purchased  by  these  two 
companies  is  subject  to  the  FPC  order.  Interstate  companies  also  are 
obliged  to  reimburse  producers  for  production  taxes.  In  the  Cut  Bank  and 
Shelby  areas  MPC  has  matched  Northern  Natural  Gas  Company  (NNG)  prices  to 
deter  competition.  MPC  also  recently  has  paid  the  equivalent  of  the 
Canadian  border  price  ($2.16  in  the  Gypsy  Basin  area  south  of  Tiger  Ridge 
in  order  to  maintain  a  competitive  edge.  The  interstate  price  for  new 
gas  escalates  at  the  rate  of  l<t  per  quarter.  MPC  has  been  escalating 
at  the  same  rate.  Current  prices  for  new  gas  are  $1.47  and  $1.80, 
respectively. 
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1948- 

•1954 

1954 

1955 

1956 

1965 

July 

1970 

Aug. 

1970 

Nov. 

1972 

July 

1973 

Feb. 

1974 

May 

1974 

July 

1974 

May 

1975 

July 

1976 

Table  IV-14 
History  of  Gas  Prices:  Montana  Production  (<t/MCF) 

5<t  for  "sweet"  gas 

1.5  co  H   for  "sour"  gas 

MDU  properties  acquired  at  3  to  5<£ 

Cut  Bank  field  increased  to  6 . 5<t  for  sweet  gas 

MDU  contracts  in  Shelby  area  increased  to  6<t 

All  old  gas  increased  to  8.5<t  (sweet) 

New  gas  9-3/4* 

All  old  gas  increased  to  1 0<t  (sweet)  and  8*  (sour) 

New  gas  increased  to  16<t  (one  contract  signed) 

New  gas  increased  to  25<t  (no  contracts  signed) 

New  gas  increased  to  40<i  (four  contracts  signed) 

New  gas  increased  to  45<i 

Two  contracts  signed  at  55c 

All  old  gas  increased  to  40* 

New  gas  contracts  range  45<t  to  85<t 

New  gas  $1.75 
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Other  factors  also  affect  price.  Small  gas  producers  receive  30  percent 
higher  prices  than  large  producers  and  high  Btu  gas  commands  a  1.1%  higher 
rate.  Also,  pipeline  quality  gas  delivered  by  the  producers  to  the  MPC 
pipeline  system  brings  a  considerably  higher  price,  equaling  present  Canadian 
border  price  of  $2.16. 

MPC  and  MDU  are  gas  producers  as  well  as  purchasers  in  some  fields.  In 
fact,  utility-owned  leases  comprise  the  bulk  of  production  at  two  of  the 
largest  fields,  Cut  Bank  (MPC)  and  Bowdoin  (MDU).  In  general,  the  utility- 
owned  gas  leases  reflect  the  same  rate  paid  for  old  gas,  although  the  rate 
is  used  only  for  accounting  purposes.  MPC's  royalty  on  gas  leases  is  one- 
eighth  of  the  wellhead  value,  or  five  cents  for  40<£  gas.  The  royalty,  a  set 
rate  of  return,  and  a  depreciation  write-off  are  the  amounts  included  in 
MPC's  rate  base. 

Table  IV-15  presents  a  pricing  profile  for  six  Montana  fields  represent- 
ing a  range  of  locations,  number  of  years  of  production,  and  marketing  sit- 
uations and  accounting  for  approximately  70  percent  of  total  Montana  produc- 
tion in  1976.  Located  in  northeast  Montana,  the  Bowdoin  field  is  over  45 
years  old  and  is  MDU's  greatest  single  source  of  supply  in  Montana.  Fidelity 
Gas  Company,  the  largest  producer  in  the  field,  is  a  subsidiary  of  MDU.  The 
Cut  Bank  field,  located  approximately  80  miles  east  of  Glacier  National  Park, 
is  of  similar  age  and  is  an  important  source  of  MPC's  in-state  gas  supply. 
The  Tiger  Ridge  field  began  production  in  1969  and  may  be  considered  the 
major  competitive  field  in  Montana.  NNG's  pipeline  system  extends 
north  to  the  Canadian  border  from  this  field  and  MPC's  pipeline  runs 
west.  This  field  is  located  in  north  central  Montana.  Sherard  is  located 
directly  south  of  Tiger  Ridge  and  produces  gas  solely  for  NNG;  it 
began  production  in  1974.  Big  Coulee  and  Lake  Basin  are  located  northwest 
of  Billings  and  both  are   areas  where  MPC  and  MDU  compete  for  supply.  The 
data  in  Table  IV-15  indicate  that  the  greatest  upward  shift  in  new  gas  prices 
for  all  six  fields  occurred  between  the  fall  of  1976  and  mid-1977,  although 
the  specific  timing  of  the  shift  varies  by  field. 
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Wyoming  gas  imported  by  MDU  for  consumption  in  Montana  is  subject  to 
interstate  price  regulation.  Thus,  all  Wyoming  gas  from  wells  drilled  since 
mid-1975  costs  at  least  $1.42  plus  production  taxes  and  a  $.01  per  quarter 
escalation  rate.  However,  1976  Wyoming  price  information  supplied  in  MDU's 
Form  2  report  to  ti.e  Federal  Power  Commission  indicate  that  most  of  the 
supply  is  old  gas  purchased  at  under  40<t  per  mcf,  except  for  one  rather 
large  contract  with  Palmer  Oil  Company  at  the  Pavillion  field  with  a  SI. 21 
per  mcf  price. 

Canadian  gas  prices  are  set  at  the  border  and  are  based  on  million 
Btu's  of  energy  rather  than  volume  (i.e.,  mcf).  MPC  receives  the  gas  at 
two  delivery  points,  Carway  and  Aden.  Table  IV-16  includes  a  history  of  the 
border  prices  up  to  the  present  level  of  $2.16/mcf.   It  should  be  noted  that 
the  prices  through  January  1977  are  in  Canadian  dollars.  The  Canadian  dollar 
equivalent  is  actually  $2.32. 

Carway  gas  is  purchased  from  Alberta  and  Southern  Gas  Company,  Ltd.,  a 
Canadian  subsidiary  of  Pacific  Gas  and  Electric  Company.  An  MPC  subsidiary, 
Canadian-Montana  Gas,  Ltd.,  produces  the  Aden  gas.  Although  suDject  to  the 
same  border  price  as  Carway  gas,  this  gas  returns  a  royalty  to  MPC  in  some- 
what the  same  manner  as  MPC's  leases  in  Montana  fields,  although  the  situation 
is  more  complex.  A  portion  of  the  border  price,  86c  at  present,  is  redistri- 
buted back  to  the  gas  producers,  but  the  rebate  is  offset  by  the  producers' 
tax  obligations  to  the  provincial  government.  From  1952  to  1973  the  royalty 
was  16-2/3  percent  of  the  wellhead  price.  On  January  1,  1974,  the  rate 
increased  to  a  minimum  of  22  percent  with  provision  for  escalating  with  price 
to  a  50  percent  maximum. 

MPC  has  not  made  any  formal  study  of  future  gas  prices,  but  the  company 
applies  a  six  percent  annual  escalation  rate  to  present  prices.  In  a 
Montana  Energy  Advisory  Council  study  published  in  early  1977,  it  is  noted 
that  Canada  will  most  likely  keep  the  border  price  of  natural  gas  close  to 
the  price  of  the  Organization  of  Petroleum  Exporting  Countries  (OPEC)  oil 
delivered  at  Chicago.  It  appears  that  new  in-state  gas  production  will  be 
influenced  by  the  interstate  gas  price  either  as  a  direct  result  of 
competition  in  the  field  or  as  part  of  an  effort  to  keep  competition  out  of 
certain  fields.  Nevertheless,  a  substantial  portion  of  Montana's  producing 
fields  are  served  only  by  MPC's  intrastate  pipeline  system. 
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Table  IV-16 
History  of  Canadian  Gas  Prices  (c/MCF) 


ADEN 


Year 

Wellhead 

Royal ty 

1952 

5c 

0.8£ 

1958 

GC 

1.3$ 

1959-1971 

8  1/4  -   11    l/2<£ 

(l/4<t  escalation/year) 

1.4  -   1.9c 

1972 

15   l/2c 

2.6£ 

Jul.    1973 

23  l/2c 

3.% 

May  1974 

51* 

17c 

Jan.   1975 

86£ 

33c 

Aug.    1975 

$1.26 

40£ 

Nov.    1976 

$1.45 

83<£ 

Jan.    1977 

$1.50 

90£ 

CARHAY   -  BORDER  PRICE 

(Canadian  $/mcf   at  14.73  psia) 

1961 

17.4C 

1962-1972 

22.4  -   24.8<t 

1973 

23  -  46C 

Jan.    1974 

35  -  46C 

Jul.    1974 

62  -  67£ 

Jan.    1975 

$1.00 

Aug.    1975 

$1.40 

Nov.    1975 

$1.60 

Sept.    1976 

$1.80 

Jan.    1977 

$1.94 

Sept.   23,   1977 

$2.28     ($2.16  -  U.S.   dollars) 
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5.   Recoverable  Reserves 

Recoverable  reserve  estimates  are  quantitative  measures  of  the  total 
gas  resources  existing  in  known  reservoirs.  The  amount  that  ultimately  will 
be  recovered  is  difficult,  if  not  impossible,  to  determine  because  it  is 
dependent  upon  an  interrelated  set  of  economic  considerations  which  change 
over  time;  e.g.,  price  and  the  supply  of  gas  available  from  a  range  of 
sources.  Only  a  portion  of  the  reserves  may  be  recovered,  depending  on 
location,  geologic  characteristics,  and  the  associated  expense  of  extracting 
the  gas.  For  example,  current  analyses  show  that  present  reserve  estimates 
should  be  increased  by  15  percent  nationwide  to  account  for  the  positive 
influence  of  higher  prices. 

The  procedures  used  to  formulate  reserve  estimates  can  affect  accuracy, 
especially  for  new  reservoirs  which  do  not  have  historic  rates  of  production 
to  complement  measurements  of  pressure  and  geologic  data.  Further,  the 
source  of  any  given  set  of  reserve  estimates  can  reflect  special  interest 
group  influences—resulting  in  somewhat  higher  or  lower  figures,  depending 
on  the  circumstances. 

Aside  from  questions  of  accuracy  and  the  amount  of  estimated  reserves 
which  may  actually  be  recovered,  the  most  significant  problem  with  obtain- 
ing reliable  estimates  is  the  proprietary  nature  of  field-specific  informa- 
tion. The  economic  status  of  individual  producers  may  be  revealed  through 
field-level  reserve  estimates.  Therefore,  most  published  estimates  are 
expressed  in  terms  of  state  totals,  and  in  most  cases,  the  data  base  is 
not  open  to  public  inspection.  The  volume  of  data  required  to  formulate 
reserve  estimates  at  even  a  regional  or  state  level  is  also  prohibitively 
large  and  therefore  expensive  to  accumulate  and  analyze.  To  date,  all  known 
reserve  studies  relating  to  Montana  have  been  conducted  at  the  national 
level.  The  following  text  will  discuss  estimates  acquired  for  this  report 
and  future  options  for  obtaining  more  reliable  estimates. 

The  American  Gas  Association  (AGA)  is  probably  the  most  commonly 
quoted  source  of  reserve  estimates  and,  for  the  most  part,  is  the  only 
source  of  historical  reserve  statistics.  The  AGA  data  are  expressed  in 
terms  of  total  ultimate  recovery,  or  the  sum  of  proven  reserves  (the  gas 
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underlying  existing  wells)  and  cumulative  production  at  the  field  level. 
Reserves  are  estimated  by  work  committees  composed  of  representatives  from 
companies  operating  in  a  given  area.  U.S.  Department  of  Energy  (DOE) 
personnel  report  that  the  reserve  estimating  process  (and  therefore,  the 
results)  reflect  special  interest  influences  even  though  operators'  monthly 
production  reports  provide  the  basis  for  the  statewide  reserve  totals.  The 
AGA's  1976  recoverable  reserve  estimate  for  Montana  is  1,106,270  mcf;  this 
figure  reflects  a  15  percent  increase  over  the  1975  estimate.  Historical 
estimates  are  published  in  Montana  Historical  Energy  Statistics,  published 
by  the  Montana  Energy  Office  in  Helena. 

For  over  30  years  AGA  kept  the  field  specific  data  underlying  its  state 
estimates  confidential,  except  for  two  occasions.  In  1975,  the  U.S.  Geological 
Survey  gained  access  to  the  data  base  in  order  to  formulate  basin  level  esti- 
mates, which  totaled  901,000  mcf  for  Montana  using  1974  as  the  base  year. 
The  Federal  Energy  Administration  (FEA)  also  once  obtained  reserve  estimates 
from  AGA  for  the  50  largest  producing  fields  in  the  nation.  AGA  is  nego- 
tiating reluctantly  with  the  DOE  at  the  present  time  for  complete  release  of 
the  field-level  data.  This  information  is  likely  to  be  made  available  over 

the  next  few  months. 

In  response  to  a  Congressional  request,  the  FEA  condacted  and  published 

a  survey  study  of  recoverable  reserves  in  1975  entitled  Oil  and  Gas 
Resources,  Reserves  and  Productive  Capability—Final  Report  (FEA,  1975). 
Approximately  95  to  96  percent  of  U.S.  gas  producers  provided  well-specific 
reserve  estimates  using  five  years  of  production  through  1974  as  a  base. 
The  administration  declared  this  data  base  confidential,  but  published  the 
state  totals.  FEA  (now  DOE)  personnel  report  that  even  if  the  data  base 
were  accessible,  the  wells  are  not  identified  by  county  in  the  computerized 
file.  For  this  reason,  it  is  not  possible  to  disaggregate  the  state  reserve 
totals.  The  total  estimate  for  Montana  is  733,146  mcf,  scaled  from  an 
87  percent  survey  response. 

The  Federal  Energy  Regulatory  Commission  (FERC)  has  field-specific 
reserve  data  supplied  by  interstate  gas  companies.  This  information, 
required  by  FERC  Form  15,  is  expressed  in  terms  of  total  remaining  recover- 
able reserves  in  a  field  and  the  amount  the  company  has  under  contract  or 
the  dedicated  remaining  reserves.   In  fields  where  there  is  no  competition 
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for  the  supply,  as  is  the  case  with  most  of  MDU's  operations  in  both  Montana 
and  Wyoming,  these  data  are  field  totals.  Tables  IV-17,  IV-18,  and 
IV- 19  contain  information  from  FERC  Form  15.  The  Big  Coulee  total  has  been 
adjusted  to  reflect  a  field  estimate,  even  though  MPC  takes  about  half  the 
production.  The  Lake  Basin  totals  cover  MDU's  operations  only,  and  MPC's 
portion  of  this  field  is  not  included.  The  totals  in  parentheses  are  taken 
from  MDU's  1976  Form  2  report  to  the  Federal  Power  Commission  (now  FERC). 
These  totals  include  reserves  located  on  acreage  actually  acquired  by  MDU 
and  apparently  do  not  include  reserves  under  wells  operated  by  independent 
producers,  which  may  explain  the  greater  totals  reported  in  1977  for  all 
fields  except  Rapelje.  Thus,  the  total  reported  reserves  are  not  field 
totals. 

As  an  intrastate  company  MPC  does  not  report  field-specific  reserve 
data  to  any  government  agency,  but  MPC  has  agreed  to  supply  MERDI  with 
reserve  data.  Further  data  showing  reserve  estimates  for  associated  gas 
fields  in  Montana  have  been  requested  from  FERC.  All  but  three  fields  are 
MDU,  and  of  the  remaining  three,  two  will  be  included  in  MPC's  data.  Big 
Coulee  in  Musselshell  County  is  not  near  either  utility's  pipelines  and  the 
purchaser  of  gas  from  this  field  is  not  known. 

In  1976  the  State  Oil  and  Gas  Conservation  Division  sent  out  a  survey 
to  all  gas  producers  in  Montana  requesting  well-specific  pressure  data 
which  could  be  used  to  formulate  reserve  estimates.  Some  large  producers 
responded  (notably  MPC)  but  others  protested  the  inquiry  on  grounds  of 
confidentiality,  and  some  did  not  report.  The  response  to  the  survey  was 
so  incomplete  that  no  meaningful  analyses  were  possible. 

The  most  promising  future  source  of  recoverable  reserve  estimates  is  a 
current  effort  to  update  the  FEA  survey  conducted  in  1974-1975.  The 
study  is  being  managed  by  the  Oil  and  Gas  Reserves  Program  within  DOE.  A 
preliminary  report  of  survey  results  containing  data  through  1977  was 
schedulred  for  release  in  November  1978. 

6.  Undiscovered  Recoverable  Reserves 

No  new  estimates  of  undiscovered  recoverable  gas  reserves  in  Montana 
are  known  to  have  been  published  since  the  report  Undiscovered  Natural 
Gas  Resources  of  Montana,  was  released  by  the  Montana  Energy  Advisory  Council 
in  July  1976.  The  study  included  three  estimates,  developed  by  the 
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TABLE  IV-17 
Recoverable  Reserves  in  Montana  Fields  Serving  Montana  Dakota  Utilities 

(All   Volumes  in  mcf,   14.73  psi,  at  60°  F) 


FIELD 

Cedar  Creek 
(Baker) 


Cedar  Creek 
Li  scorn  Creek 
Bowdon  Creek 

Lake  Basin 

Lake  Basin  N. 
Rapelje 


Big  Coulee 
Hardin 


RESERVOIR 

Judith  River 
Eagle 

TOTALS 

Judith  River 

Shannon 

Bowdon 
Phillips 

TOTALS 

Eagle 
Telegraph  Creek 

TOTALS 

Eagle 

Judith  River 
Claggett 
Eagle 

TOTALS 
Lakota 
Frontier 


TOTAL 

REMAINING 

RECOVERABLE 

1976 
(FORM  2) 

DEDICATED 
REMAINING 

RECOVERABLE 

NL* 
NL 

NL 

NL 

48,064 

(36,075) 

43,064 

105,417 

105,417 

9,758 

(  7,244) 

9,758 

NL 
NL 

NL 
NL 

105,721 

4,222 

113 

NL 
NL 
NL 

912 

1,656 

474 


(94,775)  106,721 

4,222 
113 
NL 


(   1,328) 


(        338) 


NL 

91 2 

1,656 
474 


Source:      FERC   Form  15,    1977 
*Not  Listed 
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TABLE  IV-18 

Recoverable  Reserves  in  Wyoming  Fields 
Serving  Montana-Dakota  Utilities 

(All  Volumes  in  mcf,  103ft.3,  at  60°F  and  14.73  psi) 


FIELD 


RESERVOIR 


TOTAL 

REMAINING 
RECOVERABLE 

1977 


1975 


DEDICATED 

REMAINING 

RECOVERABLE 


(COMMENTS) 


Elk  Basin 
South 


Riverton 
East 


Muddy  Ridge 


Torchl ight 
Middle  Frontier 
Peay 
Dakota 

Morrison 

TOTALS 
Peay 


Frontier 
Muddy 
Lakota 
Nugget 
Phosphoria 
TOTALS 

Wind  River 
Fort  Union 

Lance 

TOTALS 


Pavil ion 

Wind  River 
Fort  Union 
TOTALS 

Alkali    Butte 

Dakota 

Manderson 

Muddy 

First   Frontier 

Muddy 

Big  Polecat 
£  S.E.    Big 
Pole-cat 

Frontier 
Peay 
"  TOTALS 

Elk   Basin 

Embar  Tensleep 

Riverton 
Dc.T:e 

First  Cody 

Frontier 

Dakota 

Lakota 

Phosphoria 

NL* 

Nl 

NL 

NL 

NL 

NL 

NL 

NL 

NL 

NL 

1,103 

NA 

1,103 

1,139 

(1,058) 

1,139 

NL 

NL 

NL 

Nl 

NL 

NL 

NL 

NL 

NL 

NL 

48,151 

(52,989) 

48,151 

NL 

NL 

ML 

NL 

NL 

NL 

2,360 

(1,975) 

2,360 

NL 

NL 

NL 

NL 

62,373 

(68,295) 

62,373 

0 

(1,831) 

0 

4,277 

(3,823) 

4,277 

459 

(713) 

459 

1,204 

(1,635) 

1,204 

NL 

Nl 

NL 

NL 

894 

(6,152)** 

894 

2,171 

(255) 

2,171 

NL 

NL 

NL 

NL 

NL 

NL 

NL 

NL 

NL 

A-83a 

NL 

Producer 

is 
Continental 

Oil 

Producer  is 
EXXON 


Mobil 

Boyd s ton  & 
Fran son 
Newman  Bros. 
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TABLE   IV-18   (cont.) 


FIELD 

RESERVOIR 

TOTAL 

REMAINING 

RECOVERABLE 

1977 

1975 

DEDICATED 

REMAINING 

RECOVERABLE 

Byron  South 

Torchl ight 

133 

(132) 

133 

Poison  Creek 

Fort  Union 

207 

(245) 

207 

Silvertip 
South 

Frontier 
Dakota 
Phosphoria 
TOTALS 

NL* 

NL 

NL 

2,933 

(1,074) 

NL 

NL 

NL 

2,933 

Joe  Creek 

Muddy 

218 

(519) 

218 

Recluse 

Muddy 

NL 

(2,169)** 

NL 

Carter  Draw 

Morrison 

17 

(731) 

17 

Worland 

Dome 

Second  Frontier 
Third  Frontier 
Fourth  Frontier 
TOTALS 

NL 
34,803 

(47,737) 

NL 
34,803 

Hov/ard  Ranch 

Lance 

786 

(625) 

Madden  Deep 

Fort  Union 
Fort  Union 
Lance 
Cody 

13,508  J) 

(65,688) 
(20,832) 
(14,164) 
(13,128) 

Spear 

Federal 

853 

NA 

Whistle  Creek 

Frontier 

169 

(370) 

(COMMENTS) 


1)  Hot  a   field 
total;   includes 
only  MDU's  12%% 
interest. 


Source:      FERC,   Form  15,   1977   and  WY  Oil    &  Gas  Cons.    Div. 


*Not  Listed 
**1974    Data 
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TABLE  IV-19 
Recoverable  Reserves  in  Montana  Fields  Serving:  Northern  Natural  Gas  Company 

(All  Volumes  in  mcf,  106  ft.  at  60°F  and  14.73  psi) 


FIELD 


Sherard 


Tiger  Ridge 


RESERVOIR 

Eagle  Sands 

Judith  River 

TOTALS 

Eagle  Sand 
Eagle  Sand 
Jud  ith  River 
Judith  River 


TOTAL 

DEDICATED 

REM.REC. 

REM.REC. 

DRY 

DRY 

697,700 

7,110 

704,810 


682,280 
7,110 


689,390 


OTHER 
JURIS  P/L 
PURCHASER 


1,863,250 

1,862,660 

Montana  Power  Co 

1,212,730 

1,208,340 

310 

310 

Montana  Power  Co 

5,350 

5,320 

Colorado   Interstate  Gas 


Elk  Basin 


Tensleep 


24,729 


24,729 


AMOCO  Production  Co. 


Source:      FERC  Form  15,    1977 
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U.  S.  Geological  Survey's  (U.S.G.S.)  Resource  Appraisal  Group,  the 
Potential  Gas  Committee,  a  gas  industry  sponsored  group  which  works 
through  the  Colorado  School  of  Mines;  and  a  special  Steering  Committee 
organized  by  the  Montana  Energy  Advisory  Council.  This  report  contains 
explanations  of  the  terminology  and  methodology  employed  by  each  group  to 
formulate  the  estimates.  The  Potential  Gas  Committee's  estimate  is  a 
statewide  total,  but  the  U.  S.  Geological  Survey  and  Steering  Committee 
estimates  are  broken  down  by  the  five  geographic  basins  wholly  or 
partially  located  in  Montana.  The  aggregated  statewide  estimates  from 
each  source  are  as  follows,  in  trillion  cubic  feet: 

•  U.S.G.S.— 3.12  (plus  or  minus  0.61) 

•  Potential  Gas  Committee--5.60;  and 

•  Steering  Committee--7.06. 

The  main  item  accounting  for  the  Steering  Committee's  higher  total  is 
a  \^ery   high  estimate  assigned  to  Montana's  Overthrust  Belt  area.  This  region 
may  contain  as  much  as  five  trillion  cubic  feet  of  recoverable  reserves,  but 
no  major  discoveries  have  been  made  to  date,  even  though  substantial  expense 
and  effort  have  been  expended  by  many  companies  for  many  years.  Drilling 
costs  are  yery   high  in  the  mountainous,  isolated  terrain  which  commonly 
characterizes  this  region,  and  the  bulk  of  the  most  promising  sites  are  in 
Glacier  National  Park  and  other  protected  mountain  areas;  a  recent  test 
hole  in  Granite  County  cost  about  $1.25  million  before  completion. 

In  early  1978  at  least  three  companies  were  drilling  in  the  Overthrust 
areas  of  Granite,  Beaverhead,  and  Glacier  Counties,  but  by  late  April  most 
of  the  activity  ceased  for  various  reasons.  American  Quasar  plugged  one 
hole  at  Peete  Creek  in  Beaverhead  County,  but  will  continue  to  drill  at  one 
other  hole  called  the  Rebish  Well.  Damson  Oil  abandoned  its  wildcat  in 
western  Glacier  County.  Some  minor  oil  and  gas  showings  appeared  but  none 
had  commercial  potential.  Trans-Texas  Energy  and  Nyvatex  Oil  found  some 
promising  traces  of  oil  in  February  on  the  north  side  of  the  Flint  Creek 
valley  in  Granite  County  but  recently  abandoned  the  hole  because  the  oil  is 
migratory.  Seismographic  work  will  be  undertaken  next  and  more  drilling  at 
two  new  sites  in  the  same  area  is  planned  for  July  of  this  year.  May 
Petroleum  Company  has  obtained  drilling  permits  for  a  site  in  Beaverhead 
County,  but  has  not  yet  begun  work.  All  of  this  information  was  obtained 
through  either  the  companies  involved  or  the  Oil  and  Gas  Conservation 
Division. 
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7.   The  Natural  Gas  Model 

Based  on  the  information  presented  on  natural  qas,  any  mathematical 
modeling  procedure  which  is  to  be  effective  must  consider  the  following: 

•  Declining  industrial  demands  caused  by  higher  prices 
and  uncertain  supply; 

•  Institutional  constraints  placed  on  production  in  the 
form  of  production  quotas  and  take-or-pay  contracts; 

•  A  large  number  of  potential  supply  points,  each  subject 

to  a  different  probability  of  success,  and  different  prices 
per  thousand  Btu's  of  gas  delivered; 

•  Physical  resource  limitations  associated  with  given 
supply  points; 

•  The  potential  for  changes  in  end-use  efficiencies;  and 

•  Random  peak  loads,  which  never  can  be  totally  eliminated. 

The  Montana  Energy  Model  uses  a  linear  programming  algorithm  with 
explicit  compensation  for  the  probabilistic  nature  of  gas  production  and 
supply.  Linear  programming  techniques  are  used  for  optimizing  an  objective 
function, subject  to  mathematical  side  conditions  or  constraints.  For  the 
particular  application  at  hand,  the  objective  is  to  minimize  the  total 
cost  (z)  at  price  (c.)  of  the  resource  (j.)  with  probability  (p.),  subject 
to  constraint  (a-)  of  source  (x.)  meeting  requirement  (r^: 

Minimize  z  =  E  c  p.  x-,  where  (Eq.  IV-1) 

i  =  1 . .  .n,  and  subject  to 
E  a.  .  x.  >  r. ,  where 
i  =  1 . . .  n ; 

j  =  1 . . .m;  and 

xi  >  0 

The  last  constraint,  x.  >  0,  is  a  non-negativity  constraint  which  precludes 
negative  production  from  a  given  resource. 

Four  basic  types  of  constraints  can  be  identified  in  the  linear  pro- 
gram. These  are  supply,  capacity,  demand,  and  peaking  (or  balance)  equa- 
tions. Supply  equations  constrain  the  program  to  remain  within  the  physical 
constraint  of  each  resource.  Capacity  equations  compensate  for  the  insti- 
tutional constraints  associated  with  each  field;  these  constraints  may  set 
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either  upper  or  lower  boundaries  on  the  supply  of  gas  from  any  give  resource. 
Demand  equations  allow  the  model  to  compensate  for  changes  in  efficiency, 
industrial  consumption,  etc.  Peaking  and  balance  equations  force  the  system 
to  maintain  an  available  reserve  to  compensate  for  the  random  nature  of  peak 
loads. 

Because  the  objective  function  contains  a  probabilistic  term,  which 
implies  that  the  goal  is  a  minimization  of  expected  costs,  a  methodology 
for  computing  the  expected  costs  must  be  developed. 

The  necessity  for  computing  an  expected  cost  figure  springs  from  the 
implicit  optimization  of  two  goals:  the  minimization  of  costs  and  the  simul- 
taneous attempt  to  minimize  the  risk  associated  with  the  supply  process. 
This  optimization  of  two  goals  necessitates  a  trade-off:  does  one  wish  to 
secure  the  supply  for  the  future  at  very  high  cost  or  chance  future  supplies 
in  order  to  minimize  costs?  Obviously,  neither  of  these  extremes  are  de- 
sirable and  some  trade-off  criteria  must  be  established—this  criteria  is 
the  expected  cost. 

The  expected  value  of  an  event  is  defined  as  the  probability  of  that 
event's  success  multiplied  by  the  return  generated  by  the  event.  The 
rational  entrepreneur  or  producer  seeks  to  maximize  the  expected  value  of 
any  investment  decision,  or  conversely,  minimize  the  expected  cost  of  a 
decision.  The  expected  cost  can  be  mathematically  defined  as  the  recipro- 
cal of  the  probability  of  success  multiplied  by  the  return  (price)  of  that 
event.  The  behavior  of  the  expected  cost  with  respect  to  risk  is  shown  in 
Figure  IV-11. 

There  are  five  potential  supply  sources  which  appear  to  be  viable 
alternatives  over  the  modeled  time  period.  These  sources  are  Canada, 
Montana,  Wyoming,  the  Arctic,  and  coal  gasification.   (Wyoming  sources  include 
some  resources  in  Northern  Utah  which  are  owned  by  MPC.)  Not  all  of  these 
resources  are  available  at  any  one  point  in  time;  coal  gasification  is  not 
probable  until  1990  and  Canadian  sources  are  expected  to  have  diminished 
significantly  by  then. 

Costs  for  the  gas  provided  from  each  source  are  based  on  present  costs 
or  engineering  estimates  of  costs  at  the  point  in  time  at  which  the  alterna- 
tive becomes  viable.  Gas  costs  from  each  of  the  alternative  sources  are 
assumed  to  increase  at  six  percent  annually.  Probabilities  are  assigned 
subjectively  on  the  basis  of  an  examination  of  known  reserves,  estimated 
undiscovered  reserves,  and  prior  success  ratios  in  the  area. 
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Figure  IV-11 
Expected  Costs  of  Gas 
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D.   The  Electrical  Supply  Submodel 

The  electrical  utility  industry  is  representative  of  a  pure  energy 
delivery  system.  Electricity  is  a  major  component  of  today's  energy  environ- 
ment and  a  major  component  of  any  future  scenario,  offering  the  major  alter- 
native for  the  replacement  of  fossi1  fuels  in  the  near  and  intermediate 
future.  The  abundance  of  coal  for  conversion  to  electricity  in  Montana  and 
the  West  makes  the  electrical  portion  of  the  Montana  Energy  Model  central 
to  the  model's  efficiency  as  a  planning  device. 

The  supply  submodel  examines  the  present  supply  of  electrical  power 
from  both  hydro-  and  thermal -electric  facilities  and  the  distribution  sys- 
tem which  is  utilized.  The  submodel  also  examines  the  current  load  structure 
and  develops  the  rationale  and  logic  for  future  supply  and  demand  modeling. 

1.   Existing  Hydroelectric  Facilities 

Hydroelectric  power  in  Montana  is  presently  generated  from  22 
facilities.  Thirteen  of  these  are  owned  and  operated  by  the  Montana 

Power  Company  (MPC),  two  are  owned  by  out-of-state  utilities,  six  are  fed- 
erally managed  projects,  and  one  small  unit  in  northwest  Montana  is 
owned  by  Montana  Light  and  Power  Company. 

The  thirteen  Montana  Power  Company  facilities  are  listed  in 
Tables  IV-20  and  IV-21.  Table  IV-20  presents  nameplate  capacity 
ratings,  net  generation  capability  under  adverse  and  optimum  water 
conditions,  and  the  estimated  average  annual  potential  output  for  all 
but  the  three  smallest  facilities.  This  information  is  recorded  in 
the  company's  annual  reports  to  the  Federal  Power  Commission  (FPC). 
Montana  Power  estimates  that  the  ten  largest  facilities  can  generate 
an  annual  average  of  3,212,500  megawatt-hours  of  hydroelectric  power. 
In  comparison,  the  total  annual  hydroelectric  power  actually  generated 
by  all  thirteen  facilities  for  the  years  from  1970  to  1976  is  listed 
below  (in  megawatt-hours): 


1970  . 

1971  . 

1972  . 

1973  . 

1974  . 

1975  . 

1976  . 


3,534,234  MWh 
3,764,277  MWh 
3,693,945  MWh 
3,158,577  MWh 
3,662,796  MWh 
3,663,814  MWh 
3,741 ,731  MWh 
Source:  Federal  Power  Commission 
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Table  IV-21  shows  the  total  storage  capacity  of  the  reservoirs 
associated  with  each  facility  and  the  gross  head  (i.e.,  pressure)  associated 
with  the  optimum  generating  capacity  of  each  facility.  In  addition,  the  developed 
storage  above  each  facility  is  listed.  The  amount  of  storage  actually 
available  for  generation  is  often  less  than  the  amounts  reported  because  of 
management  of  upstream  facilities,  water  conditions  in  any  given  year, 
recreational  and  environmental  considerations,  and  other  factors.  MPC's 
hydroelectric  facilities  manager  reported  that  the  Mystic  Lake  and 
Kerr  generating  facilities  and  the  Hebgen  Lake  storage  reservoir  are 
the  only  MPC  units  which  have  a  storage  margin.  The  other  eleven  units 
have  less  than  the  optimal  amount  of  storage  available  for  the  amount 
of  generating  capacity  installed,  and  existing  generating  capacity  at 
these  eleven  sites  is  less  than  the  amount  which  could  be  installed 
considering  the  characteristics  and  average  annual  flow  of  the  rivers. 
All  of  Montana  Power's  hydro  facilities  (except  Mystic  Lake  and  Kerr) 
are  run-of-the-river  units.   In  a  low-water  year  they  would  be  operated 
at  full  load.  There  is  almost  always  considerable  water  spillage  caused 
by  inadequate  storage  capacity.  Kerr,  as  noted  above,  is  an  exception. 
It  is  normally  cycled  to  correspond  with  peak  demand  fluctuations. 

The  Madison  and  Flint  Creek  facilities  contribute  only  a  small 
portion  of  MPC's  hydro  generation,  but  the  amount  is  always  somewhat 
less  than  maximum  because  the  water  is  generally  managed  in  accordance 
with  the  recreational  uses  of  the  Madison  River  and  Georgetown  Lake. 

In  spite  of  the  overall  lack  of  adequate  water  storage  capacity, 
MPC  estimates  that  the  Mystic  Lake,  Hebgen  Lake,  Kerr,  and  Flint  Creek- 
Georgetown  Lake  storage  and  accompanying  management  practices  provide 
an  extra  350,000  megawatt-hours  of  hydro  energy  annually  to  the  MPC 
system.  An  additional  estimated  400,000  megawatt-hours  is  added 
annually  by  the  upstream  storage  and  management  of  Canyon  Ferry  and 
Hungry  Horse  reservoirs. 

Table  IV-22  lists  the  five  major  federal  hydroelectric  projects  in 
Montana  with  nameplate  capacity  ratings,  reservoir  storage  data,  average 
load  factors,  and  1976  net  generation.  Estimates  of  average  annual 
generation  could  be  calculated  from  the  load  factors  and  generation 
capacity.  The  facilities  may  be  divided  into  two  groups  by  marketing 
organization. 
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Canyon  Ferry  and  Yellowtail,  operated  by  the  Bureau  of  Reclamation 
(now  Department  of  Energy),  and  Fort  Peck,  operated  by  the  U.S.  Army 
Corps  of  Engineers,  are  located  east  of  the  continental  divide.  Fort 
Peck  and  Yellowtail  serve  loads  in  the  eastern  portion  of  the  state. 
Much  of  the  output  from  these  two  facilities  also  is  exported  east  and 
south  to  other  states.  Canyon  Ferry  serves  U.S.  Bureau  of  Reclamation 
(USBR)  loads  located  primarily  in  central  and  eastern  areas  of  the 
state.  Power  from  this  unit  also  is  sold  to  MPC.  The  power  from  all 
three  facilities  is  marketed  by  the  Western  Area  Power  Administration 
(WAPA). 

Libby  Dam,  operated  by  the  U.S.  Army  Corps  of  Engineers,  and 
Hungry  Horse  Dam,  operated  by  the  Bureau  of  Reclamation,  are   located  in 
northwest  Montana.  Power  from  these  two  units  is  marketed  by  the 
Bonneville  Power  Administration  (BPA)  and  meets  loads  primarily  located 
west  of  the  continental  divide. 

Management  of  all  the  federal  projects  emphasizes  flood  control, 
with  joint  uses  such  as  power  generation,  irrigation,  and  recreation 
and  maintenance  of  minimum  stream  flow  given  varying  priorities  at  each 
individual  facility. 

Yellowtail  is  a  peaking  unit,  and  its  load  factor  averages  about 
30  percent.  There  is  not  enough  water  available  for  it  to  be  operated 
as  a  base  load  unit  and  still  maintain  storage  requirements.  Irrigation 
in  the  area  is  heavily  dependent  on  the  water  stored  in  Yellowtail 
reservoir.  VJater  rarely  is  spilled  at  this  site. 

The  opposite  situation  prevails  at  Canyon  Ferry.  Water  run-off 
exceeds  the  available  storage  and  spills  are  common  in  all  but  the  driest 
years.  All  water  that  is  released  flows  directly  into  Hauser  Lake. 
Irrigation  needs  are  relatively  insignificant  in  relation  to  the  amount 
of  water  available.  Canyon  Ferry  is  operated  at  full  capacity  nearly 
100  percent  of  the  time. 

Fort  Peck  has  an  average  load  factor  of  62  percent,  but  its  opera- 
tion in  any  given  year  is  determined  by  water  availability.   In  1975, 
for  example,  it  operated  at  full  capacity  (100  percent  load  factor)  all 
year  and  water  still  was  spilled,  but  this  situation  is  the  exception 
rather  than  the  rule.  Stream  navigation  and  irrigation  are  both  prior- 
ity considerations  at  Fort  Peck.  However,  total  consumptive  uses  of 
the  reservoir  is  minimal  in  proportion  to  the  amount  of  water  available. 
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Hungry  Horse  is  considered  a  peaking  unit.  Its  average  annual  load 
factor  for  the  period  from  1954  to  1977  was  34.2  percent,  and  the  aver- 
age annual  generation  for  the  same  period  was  961,169,166  kilowatt  hours. 
Hungry  Horse  is  one  of  the  furthest  upstream  units  in  the  Columbia 
River  Base  System.   Its  primary  purpose  is  to  maintain  adequate  storage 
for  downstream  generation  rather  than  continuous  maximum  output  from 
its  own  generators.  Hungry  Horse  storage  is  responsible  for  an  esti- 
mated 4.6  billion  kilowatt-hours  (kWh)  of  energy  generated  at  downstream 
facilities.  Consequently,  management  decisions  determine  the  amount  of 
water  release  at  Hungry  Horse  in  accordance  with  power  needs  throughout 
the  entire  Columbia  River  system.  Water  rarely  is  spilled  at  Hungry 
Horse;  most  of  it  is  used  to  generate  power. 

Libby  also  is  used  primarily  for  peaking,  although  it  may  be  oper- 
ated at  base  load  when  a  more  continuous  flow  of  water  is  needed  at 
downstream  facilities.  Libby  fills  the  same  basic  role  of  upstream 
water  storage  and  power  generation  for  the  Columbia  River  Base  System 
as  Hungry  Horse.  Libby's  present  average  annual  load  factor,  based  on 
peak  operating  capacity,  is  53  percent.  This  will  decrease  in  1984, 
however,  when  Canada's  upstream  water  diversion  allowance  is  scheduled 
to  increase.  Based  on  average  water  conditions,  Libby's  present  aver- 
age annual  generation  is  1,935,960  MW.  A  re-regulating  dam  will  be 
added  by  approximately  1984  which  will  provide  added  storage  and  added 
control  for  regulating  stream  flow.  This  will  provide  greater  flexi- 
bility for  the  generation  facilities  to  gear  up  or  shut  down  in  response 
to  peak  demand  fluctuations. 

The  Flathead  Irrigation  Project  is  managed  by  the  Bureau  of  Indian 
Affairs.  The  generation  facility  provides  a  minimal  amount  of  power 
that  is  used  directly  by  the  project.  This  unit  is  listed  in  Table 
IV-23  with  the  facilities  owned  by  small  utilities  or  utilities  with 
service  areas  located  primarily  outside  Montana.  Troy  and  Big  Fork  are 
run-of-the-river  units  which  generate  power  exclusively  for  local  con- 
sumption. Noxon  Rapids,  owned  and  operated  by  the  Washington  Water 
Power  Company,  is  the  only  facility  of  major  significance  in  this  table. 
It  may  be  considered  a  semi-peaking  unit  because  it  is  operated  by  daily 
load  factoring,  with  generation  adjusted  according  to  fluctuations  in 
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demand.  Under  average  water  conditions  Noxon  Rapids  can  generate  an 

estimated  1,748,715  MWh  of  power  annually.  Storage  capacity  contributes 

an  estimated  387,262  MWh  of  this  total  with  the  remainder,  1,361,453  MWh 

produced  by  the  natural  flow  of  the  river.  Peak  capacity  for  all  five 

units  is  554  megawatts.  Noxon  Rapids  would  operate  at  36  percent 

average  load  factor  to  produce  the  estimated  1,748,715  megawatts 

noted  above.  The  reservoir  at  Noxon  Rapids  is  kept  full  (116,300 

3 
ft  /s  per  day)  except  during  the  spring  run-off  period.  The 

amount  of  water  available  at  any  given  time  essentially  is  regulated 

by  upstream  facilities. 

The  facilities  at  Noxon  Rapids,  Libby,  Hungry  Horse,  Kerr,  and 

Thompson  Falls  are  all  part  of  the  Columbia  River  Base  System  of 

hydroelectric  projects.  Water  management  is  coordinated  throughout 

the  system,  although  the  power  is  marketed  by  the  individual  owners 

and  marketing  agencies. 

2.   Future  Planned  Hydroelectric  Facilities 

Hydroelectric  facilities  which  could  be  constructed  in  Montana  in 
the  future  are  listed  on  Table  IV-24.  The  additional  units  at  Libby 
are  the  most  likely  to  be  constructed  within  the  indicated  time  frame. 
The  Kootenai  Falls  proposal  must  receive  approval  under  the  Montana 
Major  Facility  Siting  Act.  Northern  Lights,  Incorporated,  has  contracted 
with  the  Montana  Department  of  Natural  Resources  and  Conservation  for 
certain  environmental  studies.  The  company  has  announced  that  it  expects 
to  file  a  formal  application  in  1978  and  begin  construction  in  1980.  The 
construction  date  may  be  optimistic. 

The  Buffalo  Rapids  sites  have  been  under  consideration  by  the 
Montana  Power  Company  for  many  years.  The  sites  presently  also  are 
being  studied  by  the  U.S.  Army  Corps  of  Engineers  (CE).  MPC  originally 
proposed  two  units  totalling  240  MW  capacity  at  each  site,  or  480  MW 
total  capacity.  The  CE  study  contemplates  high,  run-of-the-river  dams 
at  both  sites  with  storage  modifications  that  could  increase  total 
capacity  closer  to  300  megawatts  at  each  site.  Both  sites  are  located 
on  the  Confederated  Kootenai-Sal ish  Indian  Reservation.  Any  future  plans 
must  take  the  tribe's  position  into  account,  especially  since  the  tribe 
has  blocked  previous  proposals.  Future  hydrogeneration  at  either  of 
these  sites  must  be  considered  highly  uncertain. 
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The  aforementioned  CE  study  of  the  Flathead  and  Clark  Fork  Rivers 

was  scheduled  for  release  in  May  1978.   It  included  studies  of  11 
possible  dam  sites,  including  two  on  the  Blackfoot  River.  At  this 

point,  however,  no  site  in  this  study  appears  near  the  stage  of  being 

incorporated  into  a  specific  construction  proposal. 

The  CE  district  office  in  Omaha,  Nebraska,  reports  that  an  addi- 
tional 185  MW  of  capacity  at  Fort  Peck  is  presently  under  study.  This 
new  capacity  would  provide  peaking  power,  but  no  proposed  date  of  con- 
struction has  been  set.  Additionally,  the  U.S.  Bureau  of  Reclamation 
is  appraising  the  feasibility  of  adding  90  MW  at  Canyon  Ferry.   If 
this  capacity  is  added,  Canyon  Ferry  would  operate  as  a  peaking  unit 
in  the  future. 

Montana  Power  soon  will  add  a  regulation  dam  to  the  Mystic  Lake 
facility.  This  dam  would  add  approximately  400  acre-feet  of  storage 
and  would  allow  MPC  to  use  the  facility  for  peaking  power  if  necessary. 
Two  additional  generating  units,  each  17  MW  in  size,  may  be  added  at 
Thompson  Falls,  but  this  will  require  Federal  Energy  Regulatory  Commis- 
sion approval . 

3.   Loads  and  Contracts 

Utility  ownership,  federal  management  responsibilities,  load  obli- 
gations, electric  sales  data,  and  service  area  boundaries  are  some  of 
the  factors  which  determine  the  distribution  of  hydroelectric  power  for 
energy  consumption  in  Montana  and  the  western  region.  When  a  block  of 
power  enters  the  transmission  grid  system,  it  cannot  be  traced  to  its 
generation  site  or  its  ultimate  destination.  However,  key  transmission 
routes  can  be  identified  and  service  areas,  electric  sales,  and  purchase 
patterns  between  utilities  and  government  marketing  agencies  can  be 
analyzed  to  provide  some  understanding  of  power  flows.  This  section 
includes  a  general  discussion  of  load  and  sales  information  acquired 
during  this  study. 

The  U.S.  Bureau  of  Reclamation  (USBR)  and  Western  Area  Power  Admin- 
istration (WAPA)  loads  served  in  Montana  in  1976  are  shown  in  Table  IV-25, 
Electric  cooperatives  and  irrigation  districts  are  preferred  customers 
and  they  comprise  almost  the  entire  WAPA  load  in  Montana  for  1976.  It 
is  immediately  apparent  that  the  combined  amount  of  power  generated  at 
Fort  Peck,  Canyon  Ferry,  and  Yellowtail  far  exceeds  WAPA's  Montana  load, 
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although  it  is  somewhat  misleading  to  make  such  a  comparison  since  all 
power  generated  by  federal  facilities  in  the  WAPA  region  is  pooled  to 
serve  the  agency's  entire  load  obligation.  Nevertheless,  WAPA  does  not 
import  power  into  Montana,  and  its  exports  much  of  the  in-state  generation. 
However,  in  any  given  year,  especially  low-water  years,  WAPA  may  purchase 
power  from  Montana  Power  Company  (MPC)  to  meet  in-state  load  requirements. 
Also,  MPC  buys  power  annually  from  WAPA  at  both  Canyon  Ferry  and  Fort 

Peck.  The  USBR  (WAPA)  transmission  system  is  split  electrically  between 
east  and  west  in  Montana.  Thus,  Canyon  Ferry  serves  the  western-most 
portion  of  WAPA's  Montana  loads.  Power  generated  at  Fort  Peck  and 
Yellowtail  primarily  moves  east,  although  it  can  be  transmitted  west 
from  these  two  facilities.  However,  a  synchronous  tie  would  have  to  be 
added  to  the  transmission  grid  system  in  order  to  move  power  eastward 
from  generation  sites  located  further  west,  such  as  Canyon  Ferry.  This 
partially  explains  why  excess  Canyon  Ferry  generation  is  sold  on  the 
market  rather  than  transmitted  to  serve  WAPA  loads  in  other  states 
located  further  east.  By  approximately  1981  WAPA  will  provide  only  a 
specified  amount  of  power  to  serve  Montana  loads.  After  that  time 
customers  will  have  to  purchase  power  from  other  sources  to  meet  load 
increases. 

The  Bonneville  Power  Administration  (BPA)  served  the  Montana  loads 
listed  in  Table  IV-26  in  1976  and  1977.  BPA's  situation  is  somewhat  the 
opposite  of  WAPA's.  Generation  from  Libby  and  Hungry  Horse  goes  into 
the  Pacific  Northwest  Power  Pool  (PNWPP),  but  BPA  loads  in  Montana 
always  exceed  the  generation  produced  at  these  two  sites.  Power  from 
the  PNWPP  is  80  percent  hydroelectric  and  20  percent  thermal;  thus, 
electric  power  imported  to  serve  BPA's  Montana  loads  reflects  this  fuel 
mix.  As  shown  in  Table  IV-26,  a  portion  of  BPA's  load  is  comprised  of 
preferred  customers  with  firm,  long-term  contracts;  that  is,  electric 
cooperatives.  Stauffer  Chemical  and  Anaconda  Aluminum  have  non-firm 
contracts.  The  volume  of  BPA's  load  in  Montana  may  decrease  in  the  near 
future  because  the  contracts  with  MPC  and  Pacific  Power  and  Light  (PP&L) 
presently  are  on  termination  notice.  PP&L's  contract  expired  in  1977 
and  MPls  contract  will  end  after  1980.  In  the  future  these  utilities 
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will  be  able  to  purchase  only  surplus  power  from  BPA  on  a  case  by  case  or 
emergency  basis.  After  1980,  BPA  will  begin  selling  at  least  part  of 
the  power  withdrawn  from  MPC  to  Glacier  Electric  Cooperative.  The 
USBR  (WAPA)  presently  supplies  this  cooperative.  USBR  (WAPA  will  sub- 
sequently be  able  to  meet  load  growth  demands  for  Central  Montana 
G  &  T  Electric  Cooperative  with  the  power  released  from  commitment 
to  Glacier  Electric. 

Montana  Power  Company  controls  the  BPA  power  sold  to  the  electric 
cooperatives.  The  two  points  of  power  exchange  between  the  BPA  and 
MPC  transmission  systems  are  at  Anaconda,  Montana,  and  Hot  Springs, 
Montana.  There  also  is  a  connection  at  Kerr  Dam,  but  power  is  not 
actually  exchanged  there. 

BPA  controls  electrical  power  in  Montana  for  both  PP&L  and  Washing- 
ton Water  Power  Company  (WWP).  These  two  utilities  reflect  an  opposite 
balance  of  load  obligations  and  generating  capacity  in  Montana.  WWP  owns 
and  operates  Noxon  Rapids,  but  it  has  no  Montana  loads.  The  Federal  Power 
Commission  (FPC)  data  indicate  that  in  any  given  year,  WWP  sells  power  to 
and  buys  power  from  MPC  in  Montana  for  resale.  The  amount  sold  to  MPC  may 
be  greater  or  lesser  than  the  amount  purchased,  depending  on  the  year. 
WWP  also  has  both  sale  and  purchase  transactions  with  Utah  Power  and  Light 
Company  in  Montana  in  any  given  year  which  usually  exceed  the  volume  of  MPC 
transactions.   In  reality,  most  of  the  output  from  Noxon  Rapids  probably 
is  utilized  by  MPC  customers  or  transmitted  south  for  Utah  Power  and  Light 
Company;  but  in  terms  of  ownership,  it  goes  into  the  Pacific  Northwest 
Power  Pool  (PNWPP)  and  is  used  to  meet  WWP  loads  in  Washington. 

Pacific  Power  and  Light  Company  (PP&L),  on  the  other  hand,  has  a 
sizable  load  in  the  portion  of  its  service  area  located  in  Montana. 
However,  with  the  exception  of  the  small  facility  at  Big  Fork  which 
serves  the  Big  Fork  area,  PP&L  has  no  hydroelectric  facilities  in 
Montana.  Thus,  PP&L  must  import  power  from  the  PNWPP.  PP&L  has  his- 
torically purchased  power  from  BPA  in  Montana.  FPC  data  indicate  that 
this  amount  is  only  a  fraction,  perhaps  one-quarter,  of  the  total  kilo- 
watt hours  PP&L  sells  for  direct  consumption  in  Montana.  As  noted  above, 
PP&L's  firm  power  contract  with  BPA  has  expired.  Unless  BPA  has  surplus 
power  available  in  the  future,  PP&L  will  be  forced  to  import  more  power 
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or  perhaps  purchase  power  from  MPC.  According  to  FPC  data,  past  trans- 
actions between  MPC  and  PP&L  have  been  minimal . 

Montana -Dakota  Utilities  Company  (MDU)  serves  the  far  eastern 
portion  of  Montana.  MDU  has  no  hydroelectric  facilities,  but  its 
Lewis  and  Clark  coal -fired  plant  is  located  in  Montana.  MDU  has  only 
two  transmission  lines  in  Montana  which  carry  significant  blocks  of 
power,  and  both  are  connected  to  the  USBR  transmission  system. 

Montana  Power  Company's  (MPC)  annual  electric  sales  and  purchase 
reports  to  the  Federal  Power  Commission  (FPC)  were  reviewed  for  selected 
years  from  1964-1975.  The  largest  and  most  consistent  energy  transfers 
across  state  lines  are  from  MPC  to  Utah  Power  and  Light  Company.   In 
1975,  for  example,  MPC  sent  748,782  MWh  to  Utah  Power  and  Light.  The 
transmission  lines  from  Anaconda,  Montana,  to  Monida,  Idaho,  and  points 
south  were  constructed  primarily  to  accommodate  this  on-going  transfer  of 
electricity.  MPC  also  delivers  power  to  Idaho  Power  and  Light  Company, 
primarily  for  consumption  in  the  Salmon,  Idaho  service  area.  Both  sale 
and  purchase  transactions  between  MPC  and  WWP,  BPA,  and  USBR  occur 
annually.  Only  purchases  from  USBR  are  reported  for  Canyon  Ferry  while 
both  purchases  and  sales  between  MPC  and  USBR  are  delivered  at  Fort 
Peck.  The  specific  volume  of  these  transactions  is  not  included  in 
this  report. 

4.   Thermal  Electric  Facilities  in  Montana 

There  presently  are  six  active  thermal  electric  units  in  Montana. 
Of  the  six,  five  are  owned  and  operated  by  the  Montana  Power  Company 
(MPC)  and  one  is  owned  by  Montana-Dakota  Utilities  (MDU). 

Table  IV- 27  lists  the  existing  and  proposed  thermal  electric 
facilities  in  Montana.  This  table  gives  the  location,  ownership,  name- 
plate  rating  (MW),  and  type  of  fuel  used.  With  the  exception  of  MPC's 
Bird  facility,  all  of  the  facilities  utilize  coal  and  are  used  for  base- 
loads.  MPC  utilizes  the  Bird  facility  for  peaking  power  only  because 
of  the  very  high  fuel  costs  associated  with  oil  and  natural  gas. 

The  average  service  stream  (i.e.,  the  actual  time  available  for 
production  in  the  coal-fired  generating  facilities)  is  approximately  82 
percent.  Using  this  figure,  the  annual  average  output  for  the  coal -fired 
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thermal  facilities  is  approximately  6,342,000  MWh  of  electrical 
power. 

Currently  proposed  additions  to  the  thermal  electric  facilities 
in  Montana  are  Col  strip  Units  3  and  4,  each  having  a  770  MW  nameplate 
capacity,  and  one  additional  coal -fired  facility  having  a  rating  of 
350  MW.  The  proposed  facilities  at  Colstrip  would  be  owned  by  a  con- 
sortium of  northwest  utilities  including  Pacific  Power  and  Light  (20 
percent),  Puget  Sound  Power  and  Light  (25  percent),  Portland  General 
Electric  (15  percent),  Washington  Water  Power  (10  percent),  and  Montana 
Power  Company  (30  percent).  Additionally,  10  percent  of  the  productive 
capacity  is  revised  for  Rural  Electric  Cooperatives,  should  they 
choose  to  participate.  If  this  occurs,  the  principal  partners  will  main- 
tain their  respective  percentages  of  the  remaining  power  generated. 
The  percentage  of  power  available  to  Montana  utilities  (MPC  and  PP&L) 
would  be  50  percent  or  approximately  5,000,000  MWh  per  year.  The  amount 
which  would  remain  in  Montana  is  unknown  because  of  the  interstate  oper- 
ation of  PP&L.  The  proposed  350  MW  coal -fired  plant  to  be  owned  by 
Montana  Power  would  have  an  addition  of  2,500,000  MWh  per  year. 

The  legal  status  of  the  proposed  plants  is  uncertain.  The  proposed 
plants  at  Colstrip  have  met  with  strong  opposition  and  have  been  denied 
permits  by  the  U.S.  Environmental  Protection  Agency  (EPA).  This  ruling 
is  being  appealed  by  the  utility  consortium,  and  the  outcome  of  this 
appeal  is  unknown.  The  unnamed,  proposed  350  MW  plant  has  not  yet 
begun  the  permit  application  process  and  siting  procedure;  therefore, 
its  future  is  totally  unknown. 

Other  sources  of  thermal  electric  power  for  Montana  include 
contributions  by  MDU  and  PP&L  thermal  plants  located  outside  Montana, 
notably  in  Wyoming. 

The  future  for  thermal  electric  facilities  utilizing  nuclear  power 
in  Montana  is  doubtful.  Montana  passed  a  public  initiative  in  November 
1978  (Initiative  80)  which  places  strong  restraints  on  the  development 
of  the  nuclear  industry.   Industry  officials  state  that  these  restric- 
tions are  totally  prohibitive  of  nuclear  development. 
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5.   Transmission  Line  Carrying  Capacities 

Data  on  the  carrying  capacity  of  transmission  line  have  been 
collected  for  lines  in  Montana  of  at  least  115  kilovolts  or  areater 
voltage.  Montana  Power  Company  (MPC)  lines  of  69  and  100  kV  voltage 
also  are  included.  Lines  used  to  transfer  significant  blocks  of  power 
within  the  region  and  across  state  lines  and  tie  lines  connecting  utility 
and  federal  agency  systems  are  emphasized.  The  data  are  presented  in 
three  tables  (Tables  IV-28  through  IV-30)  which  represent  the  U.S.  Bureau  of 
Reclamation  (USBR)  system,  the  Bonneville  Power  Administration  (BPA)  lines, 
Pacific  Power  &  Light  Company  (PP&L),  Washington  Water  Power  Company  (WWP), 
and  Montana-Dakota  Utilities  (MDU)  lines.  The  line  carrying  capacities  are 
presented  in  megavolt  amperes  (MVA). 

The  MVA  rating  is  not  precisely  equivalent  to  the  amount  of  mega- 
watts that  can  be  carried  over  a  line  unless  there  is  no  load  impedance. 
In  order  to  precisely  calculate  megawatt  carrying  capacity,  it  would  be 
necessary  to  know  the  electrical  characteristics  of  the  load  being  served 
as  well  as  any  specific  limiting  factors  in  the  sytem  design  which  reduce  the 
capacity  of  any  given  line  segment.  Specialized  studies  would  be  required 
to  make  these  calculations.  However,  the  MVA  data  in  the  tables  have  been 
adjusted  for  various  types  of  system  limitations.  In  most  cases  the  limiting 
factor  is  noted.   Engineers  from  BPA  and  USBR  have  stated  that  the  MVA 
ratings  for  each  line  segment  closely  approximate  the  load  capacity,  although 
under  actual  system  conditions  the  load  transferred  through  the  lines  is 
always  somewhat  less  than  the  amounts  stated. 

The  primary  reason  for  gathering  this  data  is  the  identification 
of  the  lines  which  tie  utility  and  federal  agency  systems  together.   In 
many  cases  a  switchyard  serves  as  the  point  of  interchange.  Therefore, 
the  carrying  capacities  of  the  lines  leading  into  certain  switchyards 
are  important.  Additionally,  some  lines  cross  state  boundaries.  The 
power  is  transferred  to  another  utility  either  at  the  border  or  a  speci- 
fied metering  point.  Table  IV-31  presents  voltage  line  length  and  MVA 
data  for  all  the  tie  lines,  and  lines  leading  into  substations  which 
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Table  IV-28 
U.S.  Bureau  of  Reclamation  Transmission  System* 


LINE 


Custer  -  Yellowtail 

Dawson  -  Dickinson,  N.D. 

Yellowtail  -  PPL  Switchyard 

Fort  Peck  -  Dawson  Co. 

Dawson  Co.  -  Custer 

Fort  Peck  -  Richardson  Coulee 

Richardson  Coulee  -  Harlem 

Harlem  -  Havre  (Asbn) 

Havre  -  Rainbow 

Yellowtail  to  Lovell,  WY. 

Havre  -  Rudyard 

Rudyard  -  Tiber  Tap 

Tiber  Tap  -  Shelby 

Tiber  -  Tiber  Tap 

Circle  -  Dawson  Co. 

Circle  -  Wolf  Point 

Fort  Peck  -  Wolf  Point  1 

Fort  Peck  -  Wolf  Point  2 

Wolf  Point  -  Poplar 
Poplar  -  Williston 
Miles  City  -  O'Fallon  Cr. 
01 Fallon  Cr.  -  Dawson  Co. 
Dawson  Co.  -  Lewis  &  Clark 
Dawson  Co.  -  Glendive 
Richland  -  Lewis  &  Clark 
Richland  -  Williston 
Canyon  Ferry  -  East  Helena  A 
Canyon  Ferry  -  East  Helena  B 


VOLTAGE 

LENGTH 

CAPACITY 

(kV) 

(MILES) 

(MVA) 

230 

61.2 

160 

230 

111.0 

399 

230 

0.9 

412 

230 

105.0 

202 

230 

160.2 

160 

161 

24.9 

60 

161 

112.3 

110 

161 

51.1 

no 

161 

103.0 

60 

!)     115': 

46.0 

80 

115 

32.9 

38 

115 

27.8 

116 

115 

37.8 

80 

115 

11.9 

2 

115 

45.7 

40 

115 

53.8 

40 

115 

35.7 

40 

115 

35.8 

80 

115 

27.3 

80 

115 

5i.:- .  7 

80 

115 

45.6 

20 

115 

25.0 

40 

115 

48.9 

80 

115 

2.7 

79 

115 

0.1 

120 

115 

.  :.0 

80 

100 

7.5 

52 

100 

7 . '., 

52 

LIMITING 
FACTORS 


Current  Trans. 
Wave  Tap 
Relay  Limitatv 
Relay  Limitati 
Relay  Limitatii 
Transformer 
Current.  Trans. 
Current  Trans. 
Transformer 
Current  Trans. 
Current  Trans. 
Summer  Limit 
Wave  Tap 
Transformer 
Current  Trans. 
Operating  L i m i . 
Current  Trans. 
Wave  Tap  & 
Current  Trans 
Current  Trans. 
Current  Trans. 
Current  Trans. 
Current  Trans. 
Wave  Trap 
Summer  Limit 
Disconnect  Swi1 
Wave  Trap 
Current  Trans. 
Current  Trans. 


*  The  MPC  System  Data  Book  reports  two  115  kV  lines  belonging  to  USBR  between  Shelby  and 
Cut  Bank  and  Browning,  but  USBR  shows  local  co-op  ownership  for  these  lines. 

Source:  MAPP  Operating  Handbook. 
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Table  IV-29 

Bonneville  Power  Administration 
Transmission  Line  Capabilities 


LINE 

VOLTAGE  (kV) 

LENGTH  (Mile) 

RATING  (MVA) 

Anaconda-Silver  Bow 
(Stauffer  Chem. ) 

115 

12.7 

120 

Bell*  -  Noxon 

230 

96 

478 

Bonners  Ferry  -  Troy 

115 

30.2 

92 

Columbia  Falls  -  Kalispell 

115 

10.8 

68 

Columbia  Falls  -  Trego 

115 

46 

92 

Conkelley  -  Flathead  (Anaconda 

Co)  230 

16.4 

359 

Flathead  -  Hot  Springs 

230 

56.5 

359 

Hot  Springs  -  Anaconda 

230 

146.5 

359 

Hungry  Horse  -  Columbia  Falls 

115 

8.2 

68 

Hungry  Horse  -  Conkelley 
(Anaconda  Aluminum) 

230 

6.9 

359 

Kalispell  -  Kerr 

115 

41.4 

68 

Libby  -  Conkelley 
(Anaconda  Aluminum) 

230 

83.9 

478 

Libby  -  PP&L  Libby 

230 
115 

12.3 
12.3 

235 
118 

Noxon  -  Hot  Springs 

230 

67.5 

478 

Noxon  -  Libby 

230 

70.2 

478 

hot  Springs  -  Dworshak 

500 

142.6 

1853 

Hot  Springs  Sub. 

500 
230 

0.1 
0.1 

2598 
1195 

Licby  Ph.  1 
2 

230 
230 

13.5 
13.5 

602 
602 

*  Bell  Substation  is  Near  Spokane. 
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Table  IV-30 
Transmission  Line  Carrying  Capacity 


PACIFIC  POWER  &  LIGHT  COMPANY 

_kV  LINE  LENGTH       MVA 

230  Yellowtail  to  Muddy  Ridge,  WY 

230  Yellowtail  to  Casper,  WY 

161  Billings  to  Yellowtail 

230  Sheridan,  WY  to  Decker 

115  Libby  to  Troy  (BPA  Switch  Sta.) 


WASHINGTON  WATER  POWER  COMPANY 

kV     LINE  LENGTH        MVA 

230  Noxon  Plant  to  BPA  230  Line 

230  Noxon  Plant  to  BPA  at  Hot  Springs 

230  Noxon  Plant  to  Pine  Creek  Sub. 

230  Cabinet  Gorge  to  Noxon 


MONTANA  -  DAKOTA  UTILITIES 


175.77 

397 

169.99 

310 

86.76 

173 

13.86 

* 

17.0 

77 

0.8 

70.01 

480 

42.27 

410 

"18.51 

360 

kV     LIME  I LNGTH        MVA 


115    Gl endive  -  Baker  55.9         30 

115  ***Williston  -  Plentywood  80.0         30 


*  Connected  to  Yellowtail-Casper  and  limited  by  that  line's  capacity,  but 
has  same  conductor  as  Muddy  Ridge  Line  and  can  equal  that  line's  capacity 
when  power  is  flowing  opposite  ways  through  those  two  lines. 

**  Both  lines  connect  to  USBR  facilities.  The  lines'  maximum  rating  is  97  MVA 
but  voltage  drop  problems  allow  only  30  MVA  capacity  to  the  utilized.  Also, 
MDU  has  numerous  smaller  lines  of  =34.5  kV  but  these  serve  only  local  loads 
and  are  not  used  to  transfer  significant  blocks  of  power. 

***  Presently  operated  at  57  kV  but  will  be  upgraded;  partially  owned  by  local 
cooperative. 
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serve  as  points  of  interchange  between  utility  systems.  Table  I V- 32 
contains  similar  information  for  the  lines  which  cross  Montana's 
boundaries.  All  data  in  these  two  tables  are  extrapolated  from  Tables 
IV-28  through  IV- 30. 

The  BPA  and  MPC  systems  connect  through  a  tie  line  at  the  Mill 
Creek  substation  near  Anaconda,  Montana,  at  the  Hot  Springs  substation, 
and  at  Kerr  Dam.  Power  is  not  actually  exchanged  at  the  Kerr  site. 
At  Anaconda  a  short  230  kV  tie-lines  makes  the  connection  while  at  Hot 
Springs  the  switchyard  itself  serves  as  the  point  where  BPA,  MPC,  and 
WWP  lines  come  together.  The  various  230  kV  lines  extending  west  from 
Hot  Springs  and  the  500  kV  Hot  Springs-Dworshack  line  are  the  principal 
lines  carrying  power  between  Montana  and  the  Pacific  Northwest. 

The  U.S.  Bureau  of  Reclamation  (USBR)  system  extends  west  from  Ft. 
Peck  to  Shelby  and  Great  Falls  and  south  and  east  from  both  Ft.  Peck 
and  Yellowtail  hydroelectric  units  into  Wyoming  and  the  Dakota's.  Also, 
there  are  two  short  USBR  lines  connecting  Canyon  Ferry  to  the  MPC  trans- 
mission system.  The  Rainbow  substation  at  Great  Falls,  the  Havre  sub- 
station, and  the  Yellowtail  switchyard  are  the  most  significant  points 
of  interchange.  The  bureau  reports  that  the  carrying  capacity,  of  the 
161  kVline  extending  west  from  Ft.  Peck  is  limited  by  both  transformer 
capacity  and  voltage  drop  problems.  Three  USBR  lines  carry  power  into 
the  MDU  system  in  North  Dakota  and  points  further  east,  and  twin  115  kV 
lines  extend  south  from  Yellowtail  into  Wyoming. 

PP&L  has  three  important  lines  in  eastern  Montana  which  converge 
at  PP&L's  Yellowtail  switchyard.  PP&L  has  no  loads  in  eastern  Montana. 
The  lines  are  connected  to  PP&L's  thermal  generating  facilities  in 
Wyoming  and  serve  as  interties  to  bring  the  power  into  the  grid  system. 
MPC  and  BPA  control  power  westward  for  PP&L. 

6.   Loads 

An  attempt  to  model  electrical  energy  supply  for  the  state  of 
Montana  as  a  whole  is  complicated  by  two  overlapping  divisions  of  the 
state  for  electrical  energy  planning  and  supply  purposes,  one  geographi- 
cal and  the  other  by  power  company.  The  geographical  split  following 
the  Continental  Divide  marks  a  division  between  two  sources  of  federal 


A-114 


>>  >> 


o 


CJ 


.a 

-O  JO 

ro 

ro  ra 

•*-> 

+->  -t-> 

to 

I/O  I/O 

E 

E    E 

QJ 

QJ    GJ 

+-) 

-t->  -u 

tO 

t/>    in 

>> 

>>  >> 

to 

to  to 

<      < . 

Ql    OJ 

fc   E 

S.     t- 

O   o 

I/)     to 

4-> 

4-> 

c   c: 

i — 

•r— 

ro  ro 

fcr 

E 

$-   s. 

*~ 

■«~ 

:-  i 

+->  ■»  > 
i-         s-         c  r. 

aj        cj        cj  tu 
E        E        i-  t. 

E  E  "•     '■ 

3 


to 


to 


<  )  <  ■> 


ro 


00 
«3- 


tn 

CO 


o 

*    * 

, — .. 

o 

* — ** — * 

*=- 

* 

* 

ro 

3  3 

r-~ 

< 

<: 

% — * 

s:  e: 

r— 

>■ 

:=» 

*■ — ■'^— ^ 

v 

^r~ 

s: 

* 

o 

co 

O  CD 

r-~ 

LT> 

CD 

to 

r^. 

r-~  r-~ 

to 

CO 

■=r 

CO 

sj- 

» — 

r-~ 

O  cj 

en 

en 

co  co 

en 

ro 

<<■> 

A3 

c 

ro 

^_^ 

^ H 

o 

2: 

to 

0J 

Csl 
CSJ 

<u 

2: 

1 — 

T3 

•^—^ 

w — » 

•* ' 

r— 

l-~ 

r— 

I/) 

3: 

r— 
CD 

s: 

CO 

tn 

ro 

+-) 
3 

to 

CM 

CO 

ro 

o 

UJ 

en 

^J- 

1 

r-~ 

CD 

_i 

C 

CD 

C\J 

to 

ro 
i 

u 
OJ 

> 

c 

1—1 

c 
o 

<D 

CJ 

i—™ 

JO 

I/) 

ro 

OJ 

r— 

c 

CO  CO 


CO 

i_o 

1 — 

CD 

en 

en 

en 

a-,  i .  - 

1 — 

CM 

tO 

CM 

tn 

en 
to 

tn 
i — 

ro 

a. 


CD 
ro 

CM 

CD 
O 

tn 

CD 

ro 

CM 

o 
ro 

CM 

CD 

ro 

CM 

ne  A  100 
B  100 

en 

en 

CD 

CD 

IX)  to 

O 

to 

to 

ro 

CO 

1—     1 — 

vO 

CM 

CM 

r      i  — 

VJ 

CJ 

+J 

c 

CD 

Wl 

ro 

►— * 

JXL 

■ 

o 

o 

.^ 

-O 

* 

-C 

O- 

ra 

3 

c 

O 

r3 

t/o 

-C 

I/O 

o 

EX 

■a 

V - 

I/) 

X 

O 

i — i 

S- 

_^r. 

o 

i — 

c 

o 

QJ 

2: 

CJ 

o 

o 

;> 

OJ 

+-> 

♦j 

X 

CD 

t- 

o 

c 

o 

O 

4-> 

eC 

• 

«z 

o 

•-S 

+-> 

QJ 

o 

o 

u 

o 

C 

en 

+-> 

'? 

-»-> 

to 

•i— 

S- 

CD 

o_ 

o 

j^r 

-V 

c 

CD 

o 

o 

-O 

•r- 

o 

CJ 

CJ 

3 

V 

-l-> 

+J 

S- 

c 

to 

1/0 

c 

QJ 

<_> 

CJ 

, — 

o 

•f— 

1 — 

]5 

I — 

+-> 

X 

JO 

F 

b 

ai 

^> 

o 

O 

•t— 

~ 

ca 

■z. 

O 

^£~ 

to 

OQ. 

o_o_ 

^ 

^ 

<: 

< 

o. 

o_ 

1 

_J 

LJ 

Cl_ 

G- 

_T; 

_7T 

a. 

z^ 

r  - 

a 

CO 

-?- 

_^; 

ID 

'    ' 

T- 

S- 

CJ) 

>- 

o 

c 

733: 

-u 

•  ( — 

GJ 

E 

^ 

^r- 

o 

o 

GJ 

O 

jrz 

>> 

CJ) 

> 

jr; 

C 

ra 

3 

T3 

3^ 

ro 

o 

x> 

•  f— 

"3 

rji 

»—i 

#> 

c; 

^ 

►— i 

i — 

t- 

1 — 

ra 

»• 

CJ 

>. 

i — 

•■ 

to 

c 

CL 

■o 

o 

7Z 

o 

1/1 

TD 

>■ 

O 

o 

E 

ra 

3 

C") 

!S1 

•~J 

i — 

CD 

s: 

.   1 

s_ 

ra 

CJ 

c 

to 

O 

o 

o 

t — 

o 

•(-> 

4-> 

-M 

1 — 

— 

o 

rj 

r— 

+J 

i — 

i — 

1 — 

-D 

ra 

•i— 

•I— 

•t— 

LO 

S- 

ra 

ra 

ra 

o 

i 

o 

+-> 

-M 

+-> 

— : 

rz 

+-1 

3 

^ 

S 

c 

o 

O 

o 

c 

r~~ 

— 

1 

1 

( 

Z* 

•<— 

ra 

o 

CJ 

C) 

— 

r_D 

to 

^ 

s- 

>- 

c; 
o 
in 

n; 
.v 
u 


O 

l-> 

c 
o 

to 

3 

ro 
Q 


O 


cc 

cr 

_J 

_J 

CO 

CO 

c_ 

Ci. 

to 

to 

o. 

D_ 

rD 

hd 

(U 

la 

ro 


IS. 

o 
o 
co 

■a 

ra 
o 

E 
cu 
■»-> 
i/) 
>. 
<o 

<  1 


< 

JO 

t 


CO 

co 


> 

Ci 

O 

JC 

u 
to 

CJ 

t- 
ra 
o. 
t: 
o 


A-115 


I 
I 
I 
I 
I 
I 
I 
I 


hydroelectricity:  the  Bonneville  Power  Administration  (BPA)  in  the 
west  and  the  U.S.  Bureau  of  Reclamation  (USBR)  in  the  east.  Over- 
lapping the  geographical  is  the  division  of  the  state  into  the  Montana 
Power  Company  (MPC)  service  area  and  the  remainder  of  the  state.  Since 
HPC  serves  70  percent  of  the  utility-type  load  in  the  state  and  also  is 
planning  entity  in  its  own  right,  it  merits  special  consideration. 

In  order  to  choose  an  appropriate  model  for  the  state,  it  is 
necessary  to  understand  the  characterization  and  location  of  electrical 
loads  in  the  state  and  the  supply  sources  which  meet  those  loads.  The 
following  text  is  an  effort  to  assemble  and  reconcile  statistics  from 
a  variety  of  sources  to  achieve  such  a  characterization. 

Montana,  west  of  the  Continental  Divide,  lies  in  the  Columbia  River 
drainage  and  is,  therefore,  a  part  of  the  BPA  region.  With  the  excep- 
tion of  MPC's  service  area,  supply  planning  for  the  west  is  done  as  part 
of  the  West  Group  of  the  Pacific  Northwest  Utilities  Conference  Committee. 
Electric  cooperatives  in  the  region  are  West  Group  loads,  as  is  Pacific 
Power  &  Light  Company  (PP&L).  One  large  BPA  direct-service  industrial 
customer,  the  Anaconda  Aluminum  Smelter  at  Columbia  Falls,  is  also  in 
the  region;  because  its  presence  has  a  distorting  effect  on  the  region 
and  the  state,  it  will  be  dealt  with  first. 

The  figures  in  Table  IV- 33  suggest  that  the  Columbia  Falls  aluminum 
load  is  in  the  West  Group  industrial  load.  This  is  not  an  unreasonable 
conclusion,  as  the  remainder  of  the  West  Group  loads  are  dominated  by 
co-operatives  serving  largely  rural  areas,  the  principal  exception  being  PP&L's 
service  area.  The  aluminum  load  is  unique  in  several  respects.   It  is 
different  in  character  from  loads  typically  served  by  utilities,  and 
indeed  as  a  BPA  direct  customer,  it  is  not  a  utility  load.  Furthermore, 
the  aluminum  reduction  load  in  BPA's  region  is  met  largely  with  secondary, 
non-firm  hydro  energy  resulting  from  streamflows  above  the  critical 
water  assumption  used  for  long-term  planning  purposes.  This  energy  may 
or  may  not  be  available  in  any  given  year.  All  this  indicates  the 
desirability  of  separating  the  aluminum  load  from  other  "utility-type" 
loads  for  planning  or  modeling  purposes,  and  Table  IV-33  suggests  an 
approximation  to  this  by  equating  the  West  Group  industrial  load  to 
aluminum  reduction  load. 
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Table  IV  -33 

Comparison  of  West  Group  Industrial 
and  SIC  33  Loads  in  Montana  (GWh)* 


1974      1975 
West  Group  Industrial  3811      2856 

SIC  33,  Primary  Metals  3829      2942 


9 
*  GWh  is  gigawatt-hours,  or  1.0  x  10  watt-hours. 
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Table  IV- 34  represents  such  a  separation,  as  well  as  a  geographical 
separation  into  west  and  east  of  the  Continental  Divide.   Addition- 
ally, it  proves  instructive  to  look  at  a  further  breakdown  of  loads 
into  industrial  and  nonindustrial  (mainly  residential  and  commercial) 
loads.   In  Table  IV-34,  line  1  shows  statewide  figures,  as  reported  by 
Edison  Electric  Institute.  Lines  2  and  4  are  from  BPA  data  for  Montana 
west  of  the  Divide  and  for  West  Group  loads  only;  line  3,  for  the  east, 
is  the  difference  of  lines  1  and  2.  Lines  5  and  6  exclude  all  West 
Group  loads;  lines  7  and  8  exclude  only  the  West  Group  industrial  load, 
and  thus  by  the  argument  above  approximate  utility-type  loads  for  the 
west  and  for  the  whole  state,  respectively.  (Line  3,  for  the  east,  is 
all  utility- type. ) 

Inspection  of  this  table  provides  several  interesting  observations, 
particularly  regarding  the  location  of  industrial  loads.  Although 
utility  loads  in  Montana  are  37  percent  industrial  (line  8),  the  figure 
west  of  the  Divide  is  45  to  50  percent  (line  7),  and  no  more  than  31 
percent  industrial  east  of  the  Divide  (line  3).  Comparable  figures  are 
38  percent  industrial  for  the  entire  U.S.,  40  percent  for  Oregon,  and 
44  percent  for  the  entire  West  Group.  Strictly  speaking,  the  last  two 
figures  include  aluminum  reduction  and  thus  should  be  compared  to  line 
1  of  Table  IV-34,  which  shows  some  57  percent  or  more  industrial  load 
in  Montana.  But  the  wholly  disproportionate  position  of  the  aluminum 
load  in  Montana--35  to  40  percent  of  the  total  load--make  the  other 
comparisons  more  meaningful. 

Since  West  Group  loads  in  Montana  are  only  a  small  part  (3.5  per- 
cent total,  1.2  percent  non-industrial)  of  the  entire  West  Group,  it  is 
important  to  note  by  comparing  lines  5  and  8  of  Table  IV-31  that  no  more 
than  12  percent  of  Montana  utility-type  loads  are  served  from  the  West 
Group.  That  is,  Montana  is  a  small  part  of  the  West  Group,  and--except 
for  the  aluminum  load--the  West  Group  serves  a  relatively  small  portion 
of  Montana. 

Table  IV-35  shows  the  situation  in  somewhat  different  form  for  two 
recent  years,  for  the  utility-type  (non-aluminum)  load  only.  The  left 
side  is  a  rearrangement  of  data  from  Table  IV-34;  the  right  side  is  an 
attempt  to  attribute  load  to  particular  utility  groups.  These  figures 
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Table  IV- 34 
Montana  Loads  by  Region  and  Class  (GWh) 


1970  1971  1972  1973  1974  1975 

Industrial  6120  6079  5888  5031  5963  5089 

Non-Industrial  2971  3135  3303  354J_  3577  3778 

M0nt3na      Total  9091  9214  9191  8572  9540  8867 

Industrial  4973  4772  4957  4521  5119  4026 

,    t        KnSustrial  984  1071  1167  1272  1298  1399 

]  WeSt        Total  5957  5843  6124  5793  6417  5425 

Industrial  1147  1307  931  510  844  1063 

lSn-In5ustrial  1987  2064  2136  2269  2279  2379 

}  EaSt        Total  3134  3371  3067  2779  3123  3442 


3782     3713     3769     3232     3811     2856 
465      517     _570     _635     _647     _J710 


Industrial 

„      Non-Industrial 
.)  West  Group  4458    3566 


Total  4247  4230  4339  3867 

Industrial  2338  2366  2119  1799  2152  2233 

Non-Industrial  2506  2618  2733  2906  2930  3068 

0  Group"'    Total  4844  4984  4852  4705  5082  5291 

Industrial  1191  1059  1188  1289  1308  1170 

Non-Industrial  _519  _554  _593  _637  _65J.  _689 

6)  West,  Non-  ]g26  195g  1859 
West  Group   Total  l/'U  ibu  i/oi 

Industrial  1191  1059  1188  1289  1308  1170 

7)  West,  less   J^^trial  984  1071  JJ67  1272  1298  1399 


^duS-         ._.., 


Total  2175  2130  2355 


A-119 


Table  IV -34  (Cont'd.) 

1970     1971  1972  1973  1974  1975 

Industrial      2338     2366  2119  1799  2152  2233 

8)  Montana,  less   Non-Industrial   2971     3135  3303  3541  3577  3778 

WG  Industrial   Total  53Qg    55Q1  5422  5MQ  5?2g  6Q^ 
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Table   IV- 35 
Estimated  Utility- type   (non-aluminum)   Load   (GWh) 


Industrial 

Non- 
Industrial 

Total 

Co-Ops 

PP&L 

MDU 

MLP 

MP 

West  Group 

— 

647 

647 

365 

282 

Other  West 

1308 

651 

1959 

50 

1909 

974 

West  of  Divide 

1308 

1298 

2606 

East  of  Divide 

844 

2279 

3123 

600 

400 

2123 

Montana 

2152 

3577 

5729 

1697 

4032 

West  Group 

— 

710 

710 

Other  West 

1170 

688 

1858 

1975 

West  of  Divide 

1170 

1398 

2568 

East  of  Divide 

1063 

2380 

3443 

Montana 

2233 

3778 

6011 

400 


600 


310 


400 


50     1 808 


2443 


1760 


4251 
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are  not  hard  data,   but  are  estimates   chosen   to  produce  totals   in 
agreement  with  those  to  the  left.     The  figure  shown  for  Montana- 
Dakota  Utilities  is  especially  suspect  due  to  the  unavailability  of 
data  which  would  separate  that  utility's  load  by  states.     The. dominant 
position  of  Montana  Power,   some  70  percent  of  all    utility-type  load,   is 
revealed  clearly  regardless  of  these  evident  shortcomings  in  the  data. 

It   is   important  to  note,   however,   that  this  dominant  utility  is 
not  characteristic  of  the  utility  loads  in  the  state  as  a  whole.     The 
company  serves  an  unusually  high  proportion  of  industrial   load--some 
50  percent  of  the  total    company  load.     Since  this   is  \/ery  close   to   the 
total    (non-aluminum)    industrial    load   in   the  state,   as  Table   IV-35   shows, 
it  is  evident  that  other  utilities  combined  have  very  little   industrial 
load,    probably  less  than  ten  percent  of  their  total    loads.     Thus,  Montana 
Power   is  a  highly  atypical    utility,   even   though   utility  loads   in  Montana 
as  a  whole  appear  to  be  apportioned  reasonably  closely  to  national 
averages  for  the  different  customer  classes. 

7.       Analysis  and  Conclusions 

Montana  as  a  whole,   disregarding   the  Columbia   Falls  aluminum  plant, 
has  load  characteristics  not  far  removed  from  typical    utility  type  loads. 
On  a  regional    basis,   however,  Montana  west  of  the  Divide  is  character- 
ized by  a  disproportionately  large  industrial    load  component;  east  of 
the  Divide  the  industrial   component  is  disproportionately  small. 
Montana   Power  Company,   which   serves   70  percent  of  the  state's   utility 
load,    has  company  characteristics  quite  similar   to  western  Montana. 
Although  only  45  percent  of  the  company's  load   is   in   the  west,   the 
absence  there  from  its   service  area  of  loads   (overwhelmingly  non- 
industrial)   served  by  West  Group  utilities  offsets  the  company's  larger 
non-industrial    component  in   the  east,   to  give  it  overall    a  50  percent 
industrial    load  mix.      This  mix  results   in  a   wery  high  average  annual 
load  factor  of  0.70  for  the  company  and  hence  a  quite  flat  annual   load 
duration  curve,  a  characteristic  that  would  not  hold   for  utility  loads 
in   the  state  as  a  whole.      Therefore,   although  Montana   Power  is   in   fact 
serving  as  the  major  supplier  for  new  thermal   generation  in   the  state, 
its  peculiar  load  characteristics  preclude  taking  its  company  requirements 


A-122 


as  a  fair  model  for  the  state  as  a  whole. 

The  presence  or  absence  of  the  Anaconda  aluminum  load  has  virtually 
no  effect  on  generation  planning  or  costs  for  Montana  utility-type  load. 
Were  it  to  disappear,  the  result  would  be  a  reallocation  of  West  Group 
resources,  with  little  or  no  direct  effect  on  Montana.  Furthermore, 
the  12  percent  of  Montana  utility-type  load  served  by  West  Group  utili- 
ties can  be  expected  to  have  a  future  cost  experience  quite  similar  to 
the  balance  of  the  state,  since  the  two  entities  are  going  through 
essentially  parallel  transitions  to  baseload  thermal  generation. 

8.   Electrical  Model 

Given  the  supply  and  load  configurations  existing  within  the  state, 
the  modeling  procedure  used  for  electrical  power  in  the  Montana  Energy 
Model  follows: 

•  To  model  only  utility  type  loads  (both  industrial  and  non- 
industrial)  and  assume  the  increases  in  these  loads  subject 
to  the  variables  in  the  energy  demand  submodel; 

•  To  assume  all  increased  electrical  generation  to  be  coal- 
fired  thermal  facilities  of  250  megawatt  capacity,  and 
baseloaded  for  production; 

•  To  assume  peak  generation  loads  to  be  55  percent  of  the 
annual  generation;  and 

•  To  add  the  aluminum  reduction  load  into  the  total  load  for 
the  period  1978  to  1987  in  order  that  the  employment  and 
demographic  models  can  assess  the  impacts  of  aluminum 
production  in  Montana;  but  after  the  year  1987  the  aluminum 
load  is  not  considered. 

The  last  parameter  appears  reasonable  in  the  face  of  rapidly  increasing 
transportation  costs  and  changes  in  the  reduction  process  working  to- 
gether to  reduce  the  economic  advantage  of  cheap  electricity  presently 
available  in  Montana.  The  Anaconda  aluminum  contract  with  BPA  also  ends 
in  1987  and  current  estimates  indicate  that  all  BPA  resources  will  be 
committed  elsewhere  at  that  time. 

The  algorithm  used  for  the  mathematical  modeling  of  electrical 
supplies  is  a  linear  programming  method.  Linear  programming  is  a  mathe- 
matical technique  where  an  objective  function  is  minimized  or  maxi- 
mized, subject  to  a  number  of  constraint  equations.  The  general 
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mathematical  form  is 

P 
Minimize  I  ex.,  subject  to  (Eq.  IV-2) 

j  =  1  J  J 

I   x  •  <  S  ,  where 

.  e-  .   j  —  u 
J  "iJ 

u  -  1 . . .n  • ;  and 

J 

Z.  d  .x.  =  D  ,  where 
J  vj  j    v' 

v  =  l...m;  and 

x  .  ^  o. 

The  goal  of  this  equation  is  to  minimize  the  sum  of  the  costs  of 
electricity  from  source  x.  at  cost  c-  subject  to  the  constraints  that 

J  J 

the  sum  of  the  electricity  from  source  x.  times  a  load  factor  for  the 

J 
facility  e.  cannot  exceed  the  production  capacity  of  the  facility;  the 

sum  of  the  demands  of  type  d  .  times  the  resource  x.  must  equal  the 
demand  for  all  resources.  All  sources  of  supply  must  be  equal  or  greater 
than  zero,  a  mathematical  necessity  for  the  algorithm.  On  an  intuitive 
basis, it  simply  states  that  no  source  (x-)  can  have  a  negative  contri- 
bution to  electrical  supply. 

There  are  four  basic  types  of  constraint  equations  in  the  elec- 
trical supply  model.  They  are  supply,  capacity,  demand,  and  peaking 
and  balance  equations. 

a.  Supply  Equations 

Supply  equations  limit  the  amount  of  any  given  resource 
which  may  be  used  at  a  given  point  in  time. 

b.  Capacity  Equations 

Capacity  equations  limit  the  generating  capacity  of  certain 
types  of  plants.  This  is  of  particular  importance  to  hydroelectric 
facilities  where  there  is  a  finite  number  of  potential  sites  for 
hydroelectric  production.  Coefficients  in  the  capacity  equation 
depend  upon  load  factors  and  plant  factors;  these  are  defined 
below. 
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Load  factors  represent  demand  duration.  The  load  factor 
is  a  ratio  of  peak  demand  to  total  demand  for  the  respective 
facility.  The  plant  factor  is  defined  similarly  as  the  service 
stream  available  from  a  given  facility.  At  best,  no  facility  can 
produce  at  a  factor  exceeding  unity,  but  in  reality  there  are 
maintenance  requirements,  both  scheduled  and  unscheduled,  which 
reduce  the  plant  availability  to  some  lesser  quantity.  The  elec- 
trical supply  submodel  allows  a  maximum  plant  factor  of  0.8.  This 
is  representative  of  the  history  of  production  in  Montana. 

c.  Demand  Factors 

Demand  equations  address  the  efficiency  at  which  the  elec- 
tricity is  converted  to  final  demand.  For  example,  there  are 
efficiencies  to  be  considered  in  the  transmission  of  electrical 
power  from  the  point  of  generation  to  the  ultimate  user.  Demand 
equations  also  can  be  used  to  simulate  changes  in  consumption 
technology. 

d.  Peaking  and  Balancing  Equation 

Peaking  and  balance  equations  are  necessary  when  attempting 
to  model  the  electrical  component  of  the  model.  Peak  demands  are 
random  and  cannot  be  entirely  eliminated  even  with  greatly  improved 
load  scheduling.  The  peaking  equation  forces  the  model  to  generate 
at  least  a  portion  of  peak  load  with  devices  specifically  designed 
for  peaking  power  production  (e.g.,  fuel  cells,  gas  turbines,  etc.). 
These  peaking  facilities  will  have  a  load  factor  of  about  0.1. 
Balance  equations  maintain  an  optimal  mix  between  facilities  de- 
signed for  base  loads,  intermediate  loads,  and  peaking  device  loads, 
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V.  ENERGY  DEMAND  SUBMODEL 

The  energy  demand  submodel  analyzes  the  demand  for  energy  in  each  of  the 
three  sectors  of  the  economic  activities  model:  the  basic,  commercial,  and 
residential  sectors.  The  demand  for  primary  energy  sources,  coal,  oil,  elec- 
tricity, and  natural  gas,  is  analyzed  for  each  of  the  sections  and  their  respective 

subsectors.  Each  sector  is  discussed  separately  because  of  the  differences  in 
their  composition. 

A.   Methodology 

The  modeling  technique  utilized  in  the  formulation  of  the  energy  demand 
submodel  is  a  variant  of  the  traditional  activities  analysis  models  associated 
with  operations  research  methodologies.  Operations  research  methodologies  are 
an  accepted  means  of  mathematically  representing  various  types  of  systems. 

The  concept  of  activity  as  used  in  the  submodel  is  shown  most  easily  by 
example.  An  activity,  or  the  process  of  producing  a  good  or  service,  requires 
inputs  to  the  production  process.  In  addition  to  the  raw  material,  capital,  and 
labor  inputs,  the  production  process  also  requires  energy  inputs.  These  energy 
inputs,  or  demands,  are  the  focus  of  the  activity  analysis  used  in  the  demand 
model.  For  example,  the  production  of  refined  copper  requires  natural  resource, 
machinery  (capital),  labor,  and  extensive  amounts  of  energy--oil  for  mining 
equipment,  natural  gas  and  electricity  for  refining,  and  coal  for  the  process 
heat  used  in  smelting.  This  process  is  functionally  notated  in  the  following 
manner: 

Q  =  f  (K,L,X,C,E,G,0),  where  (Ec)-  V_1 ) 

Q  =  quantity  of  output; 

f  =  a  functional  relationship; 

K  =  capital  equipment  required; 

L  =  labor  used  for  production; 

X  =  other  raw  materials  required; 

C  =  coal  used  in  production; 

E  =  electricity  used  in  production; 

G  =  natural  gas  required  for  production;  and 

0  =  oil  required  for  production. 
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The  first  term,  Q,  is  generated  endogeneously  by  the  energy  model  in  the 
economic  activities  submodel.  The  second  term,  K,  is  is  assumed  to  be  a  constant.* 
The  third  term,  L,  is  generated  endogeneously  by  the  employment  submodel,  once 
the  level  of  output  has  been  established  by  the  economic  activities  submodel. 
The  fourth  term,  X,  is  not  within  the  scope  of  the  modeling  effort,  and  other 
resources  are  assumed  to  be  available  in  sufficient  quantities  throughout  the 
model's  time  frame.  When  these  endogeneous  and  constant  terms  are  removed, 
equation  (1)  can  be  redefined  in  the  following  manner: 

Q  =  f  (C,E,G,0)  (Eq.  V-2) 

This  reformulation  defines  output  as  a  function  of  energy  inputs.  For  the  output 
of  a  given  level  of  output  x.,  the  production  process  will  require  a  specific 
amount  of  each  energy  source  as  an  input: 

Qx.  =  Cx.  +  ex,  +  gx.  +  ox.  (Eq.  V-3) 

1     l     I   3  i     i 

The  coefficients  c,e,g,  and  o  represent  the  quantity  of  coal,  electricity,  natural 
gas,  and  oil  required  for  each  unit  of  output  produced.  These  coefficients  are 
computed  by  dividing  the  total  amount  of  each  energy  source  used  in  one  year  by 
the  total  production  in  that  year.  The  coefficients  are  computed  for  each  of 
the  sectors  and  subsectors  identified  in  the  economic  activities  submodel.   In 
addition  to  the  four  primary  sources  of  energy,  a  fifth  coefficient  which  repre- 
sents the  demand  for  distillate  fuels  (gasoline,  diesel,  heating  oils,  etc.)  is 
computed. 

Activities  analysis  models  are   predicated  on  two  major  assumptions: 

•  Fixed  input  ratios;  and 

•  Constant  returns  to  scale. 

These  assumptions  supply  require  that  two  units  of  production  need  two  units  of 
each  input.  This  linear  relationship  exists  over  the  entire  range  of  production. 


*  The  productivity  parameters  allows  for  changes  in  labor  productivity.  This 
same  parameter  can  be  used  to  simulate  changes  in  capital  stocks. 

**  Activities  analysis  models  assume  linear  homogeneity  of  degree  one. 
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B.  The  Basic  Sector 

Energy  use  coefficients  for  each  of  the  producers  in  the  basic  sector  are 
shown  in  Tables  V-l  to  V-4 .  Whenever  possible,  the  annual  output  is  in  terms 
of  physical  product;  when  multiple  outputs  occur  or  physical  output  figures  are 
not  available,  the  unit  of  production  utilized  is  gross  dollars  of  revenue  gen- 
erated. 

C.  The  Commercial  Sector 

Energy  demands  in  the  commercial  sector  are  shown  in  Tables  V-5  to  V-7 
Growth  in  the  energy  demands  of  the  commercial  sector  are  distributed  according 
to  the  percentage  of  employment  in  each  of  the  subsectors.  This  method  is  used 
to  maintain  consistency  with  the  employment  submodel.  Because  most  of  the  energy 
demands  in  the  commercial  sector  are  for  space  heating  and  cooling,  very  little 
distortion  in  the  level  of  energy  demands  is  expected  from  this  allocation  pro- 
cedure. 

D.  The  Residential  Sector 

Demands  for  energy  in  the  residential  sector  are  dependent  on  the  size  of 
the  population.  The  primary  use  of  energy  in  the  residential  sector  is  for 
housing  purposes,  Table  V-8  .  The  energy  coefficients  are  computed  for  a  repre- 
sentative household  and  the  total  number  of  households  is  calculated  from  the 
1970  Census  of  Population  housing  occupancy  statistics.  The  data  for  the  residen- 
tial sector  is  shown  in  Table  V-9. 

E.  Price  Elasticities,  Technology,  and  Demand 

The  demand  for  any  product  is  a  function  of  its  price,  the  price  of  sub- 
stitutes, technology,  and  consumer  preferences.  When  analyzing  the  demand  for 
specific  sources  of  energy,  the  importance  of  these  parameters  is  magnified  as 
the  demand  is  projected  into  the  future. 

Activity  analysis  models  do  not  have  a  mechanism  to  compensate  for  changes 
in  the  parameters  named  above,  which  determines  the  demand  for  one  specific  fact 
over  another.   In  order  that  the  Montana  Energy  Model  might  be  able  to  simulate 
changes  in  these  parameters,  a  deviation  from  standard  activities  analysis 
models  is  made.  The  method  used  by  the  model  to  simulate  changes  in  the  demand 
function  is  to  allow  the  energy  demand  coefficients  to  be  modified  by  an  exogen- 
ously  determined  elasticity  coefficients. 
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Table  V-l 
Basic  Sector--Coal    Demand  Coefficients 


Sector 

Output  (000) 

* 

Coal  (Tons) 

Tons/Output  (000) 

Agricul ture 

1 

,312,572 

41 

Trace  Amount 

Mining 

26 

,226,345 

(Tons) 

2,622 

Trace  Amount 

Contract 
Construction 

331 ,200 

00 

00 

Durable  Goods 
Manufacturing 

Lumber  and 
Wood  Products 

441,300 

00 

Trace  Amount 

Stone,  Clay 
and  Glass 

100,300 

11  ,500 

.114 

Primary  Metals 
Copper 

180,000 

(Tons) 

500 

.0027 

Al uminum 

146,177 

(Tons) 

921 

.006 

Other 

66,572 

(Tons) 

35,826 

1.8 

Non-Durable  Goods 
Manufacturing 

Food 

343,600 

Trace  Amount 

00 

Paper  and  Pulp 

405,565 

(Tons) 

00 

00 

Printing  & 
Publ ishing 

38,000 

00 

00 

Petroleum  Products 

50 

,322,433 

00 

00 

Other  Basic 

Rail 

178,700 

00 

00 

Federal  Government 

N/A 

00 

*Whenever  possible  output   is  measured   in   terms  of  physical    output  units   (short 
tons),   and  data   is   in   1976  dollars  when  applicable. 
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Table  V-2 
Basic  Sector--Distillate  Oil  Demand  Coefficients 

Sector  Output  (000)*        Gallons  (000)   Gallons  (000)/0utput  (000) 


Agriculture 

1 

,312,572 

87,957 

.06 

Mining 

26 

,226,345 

(Tons) 

4,589.6 

.0001 

Contract 
Construction 

331,200 

43,978 

7.53 

Durable  Goods 
Manufacturing 

Lumber  and 
Wood  Products 

441 ,300 

260,594 

.590 

Stone,   Clay 
and  Glass 

100,300 

Trace  Amount 

Trace  Amount 

Primary  Metal s 
Copper 

180,000 

(Tons) 

13,452.6 

.074 

Aluminum 

146,177 

(Tons) 

8.77 

Trace  Amount 

Other 

66,572 

(Tons) 

124.8 

.002 

.Non-Durable  Goods 
Manufacturing 

Food  343,600  3,948  .011 

Paper  and  Pulp  404,565  (Tons)          191.5  .0004 

Printing  &  Publishing    38,000  00  00 

Petroleum  Products  50,322,433  (BBL)  39,118  .0008 

Other  Basic 

Rail  178,700  77,280  .4324 

Federal  Government  N/A  N/A  .156  (Employee) 


*Whenever  possible  output  is  measured  in  terms  of  physical  output  units  (short 
tons),  and  data  is  in  1976  dollars  when  applicable. 
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Table  V-3 


Basic  Sector—Natural    Gas   Demand  Coefficients 


Sector 


Output  (000)* 


MCF/YR 


MCF/Output   (000) 


Agricul ture 

Mining 

Contract 
Construction 

Durable  Goods 
Manufacturing 

Lumber  and 
Wood  Products 

Stone,  Clay 
and  Glass 

Primary  Metals 
Copper 

Aluminum 

Other 

Non-Durable  Goods 
Manufacturing 

Food 

Paper  &  Pulp 

Printing  & 
Publ i  shi  ng 

Petroleum  Products 

Other  Basic 

Rail 

Federal    Government 


1,312,572 
26,226,345   (Tons) 

331,200 


441 ,300 


100,300 


50,322,433   (BBL) 


178,700 
N/A 


Trace  Amount 
Trace  Amount 

Trace  Amount 


5,600,000 


4,400,000 


180,000   (Tons)        8,444,200 

146,177   (Tons)  193,245 

66,572    (Tons)  467,932 


343,600         2,900,000 

404,565  (Tons)   3,752,135 

38,000  508,000 


00 

00 
N/A 


Trace  Amount 
Trace  Amount 

Trace  Amount 


12.68 
43.86 

46.9 
1.32 
7.028 


8.44 

9.27 

13.36 

00 


00 
32.13   (Employee) 


*Whenever  possible  output  is  measured  in  terms  of  physical   output  units  (short 
tons),  and  data  is   in  1976  dollars  when  applicable. 
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Table  V-4 
Basic  Sector--Electrical  Demand  Coefficients 

Sector  Output  (000)*         MWH/YR         MWH/YR/Output  (000) 

Agriculture  1,312,572  260,000  .198 

Mining  26,226,345  (Tons)     131,132  .005 

Contract 
Construction  331,200  300  .001 

Durable  Goods 
Manufacturing 

Lumber  and 
Wood  Products  441,300  234,213  .53 

Stone,  Clay 
and  Glass  100,300  101  ,200 

Primary  Metals  180,000   (Tons)  919,032 

Copper 

Aluminum  146,177   (Tons)       2,293,224 

Other  66,572   (Tons)  37,672 

Non-Durable  Goods 

.27 

.375 

.378 

Petroleum  Products         50,322,433   (BBL)  301,891  .005 

Other  Basic 

Rail  178,700  23,000  .129 

Federal    Government  N/A  N/A  6.66   (Employee) 


Manufacturing 

Food 

343,600 

92,800 

Paper  and  Pulp 

404,565  (Tons) 

152,010 

Printing  and 

38,000 

14,900 

Publ ishing 

1 

.008 

5 

.105 

15 

.68 

.566 

♦Whenever  possible  output   is  measured   in   terms  of  physical   output  units   (short 
tons),   and  data   is   in  1976  dollars  when  applicable. 
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Table  V-5 
Distillate  Oil    Demand  Coefficients   for  the  Commercial   Sector 

Employment       Sq. Ft. /Employee       Gallons   (000)/Sq.Ft.       Gallons   (O00)/Employee 

N/A  .390 

.0005  -0885 

.0005  -1235 

.0005  -1045 

.0005  -0875 

.0005  -195 

.0005  -157 

.0005  -35 

.0005  -156 


ransportation 
Except  Rail ) 

6.0 

N/A 

;ommunications 

3.88 

177 

Jtilities 

3.51 

247 

Iholesale  Trade 

15.1 

209 

tetail    Trade 

48.6 

175 

-IRE/S 

43.7 

390 

tospitals  and 
Jursing  Homes 

14.9 

315 

schools 

30.0 

700 

Publ ic 

Administration 

22.0 

312 

I 
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Table  V-6 


Natural  Gas  Demand  Coefficients  for  the  Commercial  Sector 


Employment  (000)    Sq.  Ft. /Employee    MCF/Sq.  Ft, 


MCF/Employee 


Transportation 

6.0 

(Except  Rail ) 

Communications 

3.88 

Util ities 

3.51 

Wholesale  Trade 

15.1 

Retail    Trade 

48.6 

FIRE/S 

43.7 

Hospitals  and 

14.9 

Nursing  Homes 

Schools 

30.0 

Public 

22.0 

Administration 

209 

177 
247 
209 
175 
390 
315 

700 
312 


103 


21  .52 


103 

18.23 

103 

25.44 

103 

21.52 

103 

18.02 

103 

40.17 

103 

32.445 

103 

72.1 

103 

32.13 
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Table  V-7 
Electrical    Demand  Coefficients  for  the  Commercial   Sector 


Employment  (000) 


Sq.   Ft. /Employee  kWh/Sq.    Ft. 


Mil h  /Employee 


Transportation 
(Except  Rail) 

6.0 

Communications 

3.88 

Utilities 

3.51 

Wholesale  Trade 

15.1 

Retail  Trade 

48.6 

FIRE/S 

43.7 

Hospitals  and 
Nursing  Homes 

14.9 

Schools 

30.0 

Public 
Administration 

22.0 

209 

177 
247 
209 
175 
390 
315 

700 
312 


21.36 


4.46 


21.36 

3.78 

21.36 

5.27 

21.36 

4.46 

21.36 

3.73 

21.36 

8.33 

21.36 

6.73 

21.36 

14.9 

21.36 

6.66 

Source:  Energy  Consumption  in  Commercial  Industries  by  Census  Division,  1974, 
March  1977,  Federal  Energy  Administration,  Washington,  D.C. 
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Table  V-8 
Residential  Energy  End  Use  and  Saturation 


Electi 


Bottled  Gas 
&  Other 


Use 

W/yr 

10^Btu/yr 

iu  bstu/yr 

iu  tstu/yr 

iu    BLU/yr 

Space  Heating 

27,500 
2.3% 

118,700 
83.8% 

141,300 
7.1% 

161,900 
1.9% 

118,700 

4.9% 

dater  Heating 

4,200 

17.9% 

20,700 
78.7% 

26,500 

0% 

88,300 

0% 

20,700 

2.9% 

Kitchen  Range 

1,180 
78.2% 

8,130 
19.3% 

- 

8,130 

2.3% 

Refrigerator 

1,140 
105.1% 

Freezer 

1,200 

65.3% 

Clothes   Dryer 

990 
68.8% 

4,110 

3.9% 

4,110 

0.3% 

Air  Conditioner 

460 
13.4% 
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Table  V-9 
Average  Residential  Energy  per  Household  by  End  Use^ 


Use 


Electricity 
W 


Natural  Gas 
lCTBtu 


10°Btu 


Coal 
10J  Btu 


Bottled  Gas 
&  Other 
lCTBtu 


Space  Heating 

63 

99,500 

10,000 

3,080 

5,820 

dater  Heating 

760 

16,300 

600 

(itchen  Range 

920 

1,570 

190 

Refrigerator 

1,200 

:reezer 

780 

Ilothes  Dryer 

680 

160 

12 

\ir  Conditioner 

62 

Total   per 
Household 

5,030 

117,500 

10,000 

3,080 

6,620 

Toal   Montana** 

1,170  x  106 

2,300  x  106 

2,300  x  106 

720  x  106 

1,540  x  106 

*  (Energy  per  End  Use)  x  saturation 
**  Assumes  232,500  households 
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DEMOGRAPHIC  SUBMODEL 

The  demographic  submodel  of  the  Montana  Energy  Model  has  one  primary  goal: 
the  projection  of  population  levels  in  any  given  year.  The  projection  is  used 
to  estimate  the  work  force,  net  migration,  and  the  energy  demands  of  the  resi- 
dential sector. 

The  model  utilizes  a  cohort-survival  technique  in  order  to  estimate  the 
number  of  births,  the  age  distribution  of  the  population,  and  subsequently,  the 
age  distribution  of  the  total  population.  Cohort-survival  models  are  based  on 
the  observation  that  each  age  group  (cohort)  has  different  survival  and  fertility 
rates.  Thus,  as  the  age  distribution  of  the  population  changes,  the  number  of 
births  and  deaths  will  change  accordingly.  Mathematically,  this  behavior  takes 
the  fol lowing  form: 

Pt+1  -  I=i  (CtiJ)(S^'t+1)  +  ^;;^'+1,  where  (Eq.  Vl-1) 

P.+,  =  the  population  in  the  time  period  (t)  plus  one  year; 

N  =  number  of  cohorts; 

C.  =  the  age  and  sex  cohort  in  time  period  (t); 

S,^,  =  survival  note  for  the  age  and  sex  cohort  C  ,  and 

M.  1+1     =  any  migration  for  the  cohort. 

Data  for  the  first  independent  item  (C.)  is  taken  from  the  decennial  census 
of  population.  Each  cohort  is  assumed  to  have  a  five-year  time  span.  The  second 
independent  term  (S  )  uses  data  from  Current  Population  Reports,  Population  Esti- 
mates and  Projections,  Series  P-25,  No.  601,  published  by  the  U.S.  Bureau  of 
Census.  The  last  item  (M^?1  ,  ^     )  uses  data  from  Montana  Population  Projections, 
1975-2000,  published  by  the  Montana  Department  of  Community  Affairs. 

The  demographic  submodel  has  two  unique  features  not  usually  found  with 
cohort-survival  models:  1)  an  estimate  of  the  work  force,  and  2)  a  migration 
component  based  on  the  level  of  employment.  The  work  force  estimation  is  com- 
puted through  applying  labor  force  participation  rates  to  each  cohort: 
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N      i  s         i 

WF.  =  E   (C1,b)  (LFPR)'  where  (Eq.  vi-2) 

1      i=l   t       s 

WF.  =  work  force  in  time  period  (t); 

N  =  number  of  cohorts; 

C1,S  =  cohort  (i)  of  sex  (s)  in  time  period  (t);  and 

LFPR  =  labor  force  participation  rate. 

The  migration  componenent  computes  the  net  migration  on  the  basis  of  differ- 
ences in  employment  in  the  state,  as  opposed  to  the  nation.  This  method  makes 
the  implicit  assumption  that  the  labor  force  will  migrate  to  find  work.  For 
example,  if  state  unemployment  exceeds  national  unemployment,  there  will  be  a 
net  out-migration.  The  level  of  state  employment  is  endogenous  to  the  energy 
model  (in  the  employment  submodel)  and  the  level  of  national  unemployment  is  set 
at  six  percent,  the  stated  policy  goal  of  the  current  administration. 
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MATHEMATICAL  FORMULATION 

The  submodels  of  the  Montana  Energy  Model  are  summarized  in  this  section, 
and  the  mathematical  equations  presented  here  were  used  to  construct  the 
computer  simulation  model  in  Appendix  B.  The  model  is  designed  to  be 
operated  in  an  iterative  mode;  thus,  the  calculations  made  in  this  model 
occur  in  each  successive  time  period.  The  variable  names  and  definitions 
written  below  are  the  same  as  those  used  in  the  computer  code: 

.  OUTPUT  is  a  vector  defining  the  level  of  output  in  basic  sector  (I); 

.  GROWTH  is  an  input  parameter  to  simulate  growth  in  the  basic  sector; 

.  ENERGY  is  a  matrix  of  energy  use  coefficients  in  the  basic  sector; 

.  EMPLOY  is  a  computed  vector  of  employment  in  the  basic  sectors; 

.  OUTEMP  is  a  vector  of  output/employment  ratios  in  the  basic  sectors; 

.  PROD  is  an  input  parameter  simulating  changes  in  labor  productivity; 

.  COM  is  a  vector  of  employment  shares  in  the  commercial  sector; 

.  OCCUP  is  an  input  parameter  reflecting  occupancy  of  residences; 

.  SOURCE  is  a  vector  of  basic  subsector  energy  demands  by  energy  type; 

.  ELAST  is  an  input  matrix  which  simulates  changes  in  demand; 

.  ENER1  is  the  adjusted  matrix— ENER1  =  (ENERGY)  (ELAST) 

.  STRAN  is  the  transpose  of  source; 

.  ACTUAL  is  the  level  of  output  attainable  given  the  energy  type; 

.  OUTC  is  the  level  of  output  in  the  commercial  subsectors; 

.  COMD  is  a  vector  of  commercial  demands  for  energy  type  (I): 

.RUSE  is  a  vector  of  residential  demands  for  energy  type  (I); 

.  RESD  is  a  vector  of  energy  demand  coefficients  for  residences; 

.  CUSE  is  a  matrix  of  commercial  energy  demand  coefficients; 

.  EMP  is  the  level  of  total  employment; 

.  STOCK  is  a  vector  of  available  energy  of  type  (I): 

.  TTL  is  a  vector  of  total  energy  demands; 

.  NBS  is  the  number  of  basic  subsectors; 

.  NCS  is  the  number  of  commercial  subsectors;  and 

.  NT  is  the  number  of  energy  types. 

A.   Demand  Module 

The  following  equations  are  used  in  chronological  order  for  the  demand 
module: 
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1.  Calculate  desired  output  levels  for  each  basic  sector. 
0UTPUTi  =  (OUTPUT^)  (GROWTH^  (Eq.  VI I -1) 

2.  Adjust  energy  demand  coefficients  for  price  elasticities. 

NT 
ENER1..  =  Z  (ENERGY..)  (ELAST,.)  (Eq.  VII-2) 

IK     .  ■>  I  J  JK 

NT 
CUSEnk  =  1      (CUSEnj)  (ELASTj(<)  (Eq.  VII-3) 

RUSE.  =  (RUSE.)  (ELAST..)  (Eq.  VII-4) 

J  J  J  J 

3.  Calculate  basic  employment  and  productivity  changes. 

NBS 
BEMP  =  I      (OUTPUT. )/(0UTEMP.)  (PROD.)       (Eq.  VI 1-5) 
i=l       !        !       n 

4.  Calculate  commercial  sector  employment. 

COMEMP  =  3.737  (BEMP)--estimate  is  in  Section  II     (Eq.  VII-6) 

5.  Allocate  commercial  sector  employment  among  the  subsectors. 
0UTCi  =  (COMEMP)  (COM.),  where 

i  =  1...NCS  (Eq.  V J  I - 7 ) 

6.  Calculate  the  number  of  residences. 

RESI  =  POP/OCCUP  (Eq.  VII-8) 

7.  Calculate  basic  sector  energy  demands. 

NBS 

SOURCE.  =  Z  (OUTPUT-)  (ENERL.)  +  SOURCE,,  where 
J.:_1       i       Ji        J 

j  =  1 . .  .NT,  and 

i  =  1...NBS  (Eq.  VII-9) 

8.  Calculate  commercial  sector  energy  demands. 

NCS 
COMP.  =  l      (OUTC.)  (CUSE..)  +  OUTC         (Eq.  VII-10) 


Calculate  residential  sector  energy  demands. 

RESD,  =  (RESI)  (RUSE,),  where 

j  =  1...NT  (Eq.  VI 1-1 1 ) 
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10.     Calculate  total   energy  demand. 

TTL.   =  SOURCE.   +  COMP .   +  RESD-,  where 

J  J  J  J 

j  =  1...NT  (Eq.  VII-12) 

Supply  Module 

The  following  equations  are  used  in  chronological  order  for  the  supply  modulel 

1.  Calculate  coal  supplies  (supply  equals  demand). 

STOCK  (1)  =  TTL  (1)  (Eq.  VII-13) 

2.  Calculate  oil  supplies. 

CRUDE  =  Discovered  +  Wyoming  +  Canada  (Eq.  VI 1-14) 

ST0CK2  =  CRUDE  (Eq.  VI 1-1 5) 

3.  Calculate  the  least  cost  source  of  gas  (supply  equals  demand). 

ST0CK3  =  TTI_3  (Eq.  VI 1-16) 

Minimize  z  =  I  c  p.  x.,  where  (Eq.  VII-17) 

i  =  1  . . .  n , 

c  =  cost  of  sourcei ; 
p  =  risk  of  source^ ; 

x  =  amount  of  source^;  subject  to 

ra.  .x.  >  r.;  where 
U  i  -  i 

i  =  1 . .  .n; 

j  =  1 . . .m;  and 
xi  >  0. 

4.  Calculate  the  least  cost  source  of  electricity  (supply  equals  demand). 
ST0CK4  =  TTL4  (Eq-  VII-18) 

f 
Minimize  E    ex,.,  subject  to 

j  ~-   1  J  J 

Z  e~  xi  -  V  where  (Eq.  VII-1?) 

j  ij   J 

u  =  1 . . .  n  .  ;• 

x-  =  type  of  producer; 

c-  =  cost  per  MWH  for  producer  j ;  and 

e..  =  facility  load  factor 
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E.  d  .X.  »  D  ,  where  (Eq.  VII-20) 

J  vj  j    v 

v  =  1 . . .  m ; 

x.  >  0;  and 

d  •  =  sum  of  the  demands 
vj 

5.  Calculate  the  supply  of  distillate  fuels. 

ST0CK5  -  (0.5)  (ST0CK2)  (Eq.  VII-21) 

6.  Reconcile  supply  and  demand  and  set  output  levels  subject  to 
energy  available. 

TTL.  =  STOCK.  (Eq.  VII-22) 

J       J 

TTL.  -  TTL.  -  RESD.  -  COMP.  (Eq.  VII-23) 

J      J      J      J 

7.  Calculate  actual  output  possible. 

Actual.  =  E(TTL.)  (ENER1.J+  ACTUAL r  where   (Eq.  VI 1-24) 
i  =  1...NBS;  and 
j  =  1...NT 

8.  Return  to  equation  VII-1  and  retry,  if  supply  j  equals  demand  .., 
then  continue. 

C.   Demographic  Module 

The  following  equations  are  used  in  chronological  order  for  the  demographic 

module. 

1.       Calculate  total   population  levels. 

Pt+r  !       (Ct1J)    CS^t+1)  +  ^tl;tJ+1.  where  (Eq.  VII-25) 

P         =  the  population  in  the  time  period  (t)   plus  one  year; 

N  =  number  of  cohorts; 

C1^  =  the  age  and  sex  cohort  in  time  period  (t); 

S1^,   =  survival   note  for  the  age  and  sex  cohort  C     ;  and 

Mij,   1+1,  j+l   =  any  migration  for  the  cohort. 
t,t+l 
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2.  Calculate  the  labor  force. 

N  .  s 

WFt  =  Z        (CJ'S)  (LFPR)1  '  f   where  (Eq.  VII-26) 

WF.  =  work  force  in  time  period  ft); 

N  =  number  of  cohorts; 

C1,s  =  cohort  (i)  of  sex(s)  in  time  period  (t);  and 

LFPR1 's  -  labor  force  participation  rate  of  cohort  (i)  a.>!  z^x   (z) 

3.  Calculate  the  level  of  unemployment. 

UNEMP  =  (EMP-WF)/WF  (Eq.  VII-27) 

4.  Compare  state  unemployment  to  the  national  unemployment  and 
calculate  migration. 

MIG  =  (NATEMP  -  UNEMP)   (M1  j' j*] ' j+1 )  where     (Eq.  VII-28) 
NATEMP  =  National  Unemployment,  0.06 
ij  =  an  age  sex  cohort; 

t  =  time  period,  t; 

t+1  =  time  period  t+1  year;  and 

M  =  migration  rates  for  the  ij  cohort. 

D.   Shadow  Prices  and  Slack  Variables 

The  output  generated  in  the  electrical  and  natural  gas  supply  models 
includes  the  shadow  prices  held  by  the  slack  variables  used  to  create 
equalities  from  the  constraint  equations.  Shadow  pricing  can  be  interpreted 
as  an  opportunity  cost  associated  with  a  given  variable  (e.g.,  the  peaking 

constraints  in  the  electrical  model  have  a  negative  shadow  price,  indicating 
that  constraining  these  devices  to  a  low  load  factor  causes  a  hiqher  cost 
for  the  average  unit  of  electricity).  Slack  variables  are  indicative  of 
excess  capacity  within  the  system;  an  example  of  a  slack  variable  is 
constraining  the  size  of  thermal  power  plants  to  large  blocks  of  power, 
thereby  creating  excess  productive  capacity  in  the  short  run. 
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APPENDIX  B 

Appendix  B  consists  of  the  computer  source  code,  input  data,  and  a 
sample  output  of  the  Montana  Energy  Model.  The  computer  source  code  is 
the  listing  of  the  computer  simulation  model  utilized  in  the  Montana  Energy 
Model.  The  source  code  is  written  to  be  compiled  using  a  Data  General 
Corporation  FORTRAN  IV  compiler  in  conjunction  with  an  Eclipse  AOS 
operating  system. 

The  subroutines  are  listed  in  the  order  in  which  the  program  calls  them. 
Variable  definitions  for  all  relevant  variables  are  listed  at  the  head  of 
the  calling  routine.  The  comment  statements  in  the  program  should  make 
the  subroutines  easier  to  follows. 
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c 
c 
c 
c 
c 


C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
L 
C 
L 
L 
L 
C 
L 
C 
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L 
L 
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C 
C 
L 
L 
U 

c 

L 
L 
I. 
L 
L 
L 
L 
C 
L 
L 
C 
C 
L 
C 


*********     M  U  W  I  A IM  A     t  N  t  K  b  Y     MUUtL     ********* 
IMt     PKUGKAM     tNtKOY     lb     IHt     DKlVtK     HIK      IHt     tNEKGY     MUOEL 
***************************************************** 
bt  I      HH      I  Ht-.     CUMMUN     K)K      IHt      MAIN     PKUGKAM 

**************************************************** 
LUMMUIM/CMAlN/lUAie  ,  IflK  I  K 

U 1  ME Nbl UN    UUIPUI  lib)  f GKUrtlHl  lb  J  r ENEKbY  Ub'ibJ 
If EMHLUY  (  Is)  J  ,-Ull  I  tMPUbJ  ,  PKIIIH  lb)  ,tU«l  lb)  , bUUKCt  (b) 
tiffcLAbl(.b,bJ,tNtKUlb,bJ,SlKA,MlbJ,AC!UALllb),lJUrcUbJ 
.5fLUMUlbJ,Kt6l>lb)fKU6tlb),CU6t(lb,b),blOCKlb) 
a,  HULlHlbJ  f  HtKCtNl  llbf b) f  I  ILlbJ 

************************************************** 

VAK1  AHLt     Utr-lNiriUNb 

************************************************** 

UUI^IH  lb  A  VtLlUK  DttlNlNb  I  Ht  LtVtL  Ut  UUIHUT  IN 

HA  6  I  C  btC  I  UK  I  1  ) 

GKUWIH     16     AN     liMHill     PAKAMtltK     I  U     bTlMULAlt     bKUWI H     IN 

I  Ht     HASIL      bt.C  I  UK 

fclMtKbY      16     A     MAIK1X     Ut      tNtKbY     Ubfc      COEFFICIENTS     IN      I  Ht 

dAblb     b t C 1 1 1 K 

tMHLUY     16     fl     CUMPUttl)     VtUKlN     Ut     f-MPLHYMtNl 

H  A  6  I  L     ,v>t-Lliiw6 

UUItMP  16  A  VtL  I  UK  Ut  UUl PUT /tMPLUYMEN 


IN  THt 

KA  I  J  (J 6  IN 
I  Ht  HA6  1  I,  6t  L  I  UK 

1NPUI  PAKAMtltK  blMJLAIING  CHANbtb  1 N 


PKUU  16  AN 

LAHUK  KKDDUl  I  1 V 1  I  Y 

CUM  16  A  VtClUK  Ut-  fiPLUYMEN  I  bHAKES 

MEWL  1  AL  6tL  I  UK 

INPUI  PAKAMtltK  KtttLtLIINL'  UCCUPANCY 


IN  THt  CUM- 


VtClUK  Ut  tNtKbY  DtMANI.b  tY  tMtKbY  TYPE 
IMHUI  MAIKIX  WHICH  S1MULA1ES  CHANGES  IN 


uCCUP     lb     AN 

Ktbl  UtIMCtb 

6  1 1  U  K  C t      16     A 

t  L  A  6  I      16     AIM 

Ut:lANI) 

tNtKl      16      I  Ht      All.  II..  6  I  t  I)     tNEKGY     MAIKIX- 

tNtKl stNEKGY *t LA6 1 
6IKA"j      16      lilt      IKANbPUbt     Ut      SUUWCt 

ALMIAL      16      IHt     LEVEL     Ut     UUIPUI      A  I  I  A  1  N  AM.  t     GlVtN     THt 
tNtKl.  Y      I  T  Pt 
UlllL      16      I  ML     LI  VtL 

tNtKbY 


Ut 


bUbbtC  I  i  IK  6 

CUMU     lb     A     V  P  L'  I  UK 


ut 


I  Y  P  t  I  1  J 
Kllbt  16  A 
I  YPt.  I  1  J 
KtbU  lb  A 
K  t  6  1  U  I- 1 J  L.  t 
CU6t  lb  A 
C  U 1 1 1  1  L  1  1 1\  I  b 


V  t  L  I  U  K 
VtL  I  UK 


l)r 


ui- 


A  I  K  I  X  Ut 


Ut  UUIPUI  IN  IHt  CUMMtKCJAL 
LUMMtKCIAL  DtMANUb  MJk 
KtblUENTIAL  DEMANDS  tOK  ENtKGY 
tNtKbY  DEMANU  Cl'Ett  IC  It  Mb  tUK 
CUMMtKC  I  A |.  tNEKGY  UtMANfl 


I  H I  AL  tf-'PI  UYMtNl 
AVAIL  AHLt  tNtKbY  Ut 


tMP  J  6  I Ht  L  tvt L  HI 
SlUL'K  16  A  VtL I  UK  Ut 
HULD  16  A  DUMMY  VAKlAHLt 

********************************************* 
6t  I   IIP   IHt  CUMMUN  HIK   IHt  UIL  bUbKUUIlNt 


I  Y  P  t  II) 
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L 
L 


L 

c 


L 
L 
C 


L 
L 
L 


C 

L 


********************************************* 

UUMMUim    /UlL/X«"NClb»  lU#«iJ  #  ^NClbrbJ  f  ItKKOKf  WW»Slf  S^»Si 

lS<lrS:)»Al,Ac!»A5rA4,Abff-l,F<£,f-iS»F-4fklrUlfD2»D3»D4,IY 

iitMYUMirJKf  UAIMADA  v  KWYUf  KUAN 

******************************************* 
UUMMUN     HJK     lltMUbK  AKMirj     5UHKUU1  I  N  t 
******************************************* 
UUMMUN/LCUHUKI  /fit-  I  1  I  )  ,  AH  I  1  /  )  ,  rl  (  t*  J  ,Uh  11  /  )  i  DM  (  1  /  ) 

1  ,U«-  (  1  /  J  ,llf  I  \  I  J  ,  BK,  A  LKH  A,  I  V  ,  I  M,  I  f-  ,  I  H,NH,  lb 

efrLt"  HKM  I  1  M  r  L  I"  PKh  (.1  /  J  ,  Jj  A  I  ,  rtUKKffcMH,UNb  ^H 

***************************************** 
UIMtNbiUM    H1K     bLfcttHiCAL     bIJPKLY     SUbMODfcL 
****************************************---- 
UlMfcNSlUN     AAUU,cM>J  iOH  110  )  ,  1 1  T  (dii  )  ,  KUUfcK  I  2<j  )  ,  CC  J  (  ?0) 


.  *  *  *  *  * 


******************************************** 
IN 
1 t £MULU L 1 U J 

UlMtNSlUiM     AHULU  I  ll>»<?0  J  ,  A  A  A  110,  if  U  J 

******************************************** 

I)  IMfcNS  1UN     Mi«     UAb     bUHWIiil  I  1    Jt 

******************************************** 

UlMtNSlUN     A(.10f  «*UJ  »MLldllJ  ,  ZL"  IdO)  ,  KUUSE.N  I  e»0  J 
1  ,LJ  l«"U  ,  HUI  Db  lt"i,  r>) 

******************************************* 
L IM  1  I  1  a  L  I  L  t     I  '•  a  I  a     h  1  L  t  i) 

********************************************** 
CALL     UHMI     I  lc',  "aJLK  I  "  ,  d,  1  h  W  J 
LALL     UPfcN     IdVt  'Ull.MDl  'id,  ItKJ 
LALL     UFhN     lr?t>»  *DDA  I  "  ,  <*#  ltKJ 
I.  ALL     UKhiM     Id/ »  "LAHUK"  f  dr  ltKJ 
LALL     U  K  I-  iM  l  d  M  ,  '  1 1  bill  .DAI  '  ,  d  ,  I  t  K  J 
LALL     UPtwlrfV*  *DA  I  A.  MUD*  ,  d»  itWJ 
LALL     UHfcM  50  ,  'HAKAM'idi  I t K  J 
LALL      UHfcWI   51r'bAb.Pfil'fc?,ltWJ 

*************************************************** 
1  IM  I   I   i  A  L  1  ^  t     1 1  A  I  A      Hi      L  t  K U 
************************* 

UU     1      l=l»lb 
UU  I  HIM   U  J  =0.0 
bKIHV  I  »U  1  J  =0.  U 
tMKL'IY  I  I  J  =  (>.(.' 
UUIfcMKHJ=U.O 
KHUD  I  1 J  =0.0 
LHMl  I  J  =  0.1' 
AL  I  UAL  I  1 J=0.0 
UU  I  (J  I  1  J  =11." 
HULL>llJ=U.O 
LUNI  INUfc 
I'U     d      1  =  1  ,  5> 
b  I  KAN  I  I  J  =li  .  II 
KU5(-  I  1  )  =U  .(» 
b  I  HCK  I  1  J  =  0.0 
KfcSDU  i  =  0  .(i 
LUMIJ  I  1  J  =  0.0 
L'UH  I  lTJUh 


************************** 
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UU      <      1=1,  1  t> 

IJU      5     J  =  lf"D 

KtKLtlM  I   I  1  ,  J.I  =0.0 

tNtWKT  U#  J  J50.ll 

t  <Jt*l  11,  J  1=0.11 

LUSfc  11 , JJ=0.U 
5  tUiM  I  I'JUF. 

u  ************>**********»**»************************* 

U  KtAIJ      IN     DMA     HJK     DKIVt" 

L  A*************************************************** 

Kt  Al;  idV  ,  ci^U  )  NhSp  IW  ,  i\l  I  ,  i-iL6,  1U  A  I  t  ,  irJL'^1  I 

UU     <^1      l  =  l,'Jtib 

KtAUlcfS.d^J  ItWfcKfiY  U»  JJ  »  J  =  1  »N1  )|DIJ1HUHJJ  ,  (UllfcriH  (  I  ) 

KF-AIH50,  tJbAJlWuW  I  H  U  J  ,HHlMl(.I  J 

L'UN  I  llMUt 

nil    «?b4     1  =  1  rNt"b 

Kt  A1H<?S,dbbJ  U  UbH  I  J  ,  J  )  ,.l  =  l  rM  U  ,I.HM  11   » 

liin i inuh 

KtAIUf'Vfd^Mj  lWUSt(lJtl  =  lrWl  1 
|jll     f"7b      1  =  1  ,n  I 

K  t  A  I )  I  e  H  ,  c"3  /  )  lH»bl   II  ,  J  J  f  J  =  1  ,  N  I  J 
LUN  I  lNUt 

F  UKMA  I  (M.H^lll,  IXj,lc?flXf14r1X»)r'J 

HIKMAI  l<e(Fb.4flX),Fb.  i#lX,Fb.5,lX»Fb.4f1X,FB.U,lX, 
IF  *.• J 
FUKMAIlFb."»lXrFb.4J 

F  iJKMA  I   laU'i.c'i  1XJ,M.<),1  X,I-^..VI 
MjKMAIl<llt-b.4flXJ,l-b.4J 

f  ohma i if  b. b, l x , f  b. 4 , i x , f  b.d , l x , f  b. 4 , l x , f  b. 4 ) 

******************************************** 

KtAH      I'JMlllb     I-  Ilk     OIL      bllKKLt     bllUKDU  I  1  Nt 

******************************************** 

HJi<iL  I  UJNS 

r<  t-  A  1 1  I  .Mi  ,  d.  *}  H  J  i-  Y  U  M  I  '  i  b  ,  I.  A  I  I  A  I )  fl  ,  W  m  Y  i.i  ,  K  L  A  Im 

I-  1 1  k  i-i  A  I  II  O  .  0  ,  I  X  ,  F  0  .  I>  ,  1  X  ,  e*  I F  4  .  *•  ,  \  k  )  ) 

lMI      1  Od      I  =1  ,b 

KtAMlcfO,  I  (Mid  J      UFML  I  1,  J  )  ,  J=l/bJ 

NV=  )  F  'II    (i,u| 

KtAI»ldO,1001J      1  t  A  I-  ■,  L  U  »  J  ,  «■  )  ,  K  =  1  ,  c'  1  ,  J  =  1  ,  N  V  I 

t>  I  A  I  h     t/AKlAHLtb 

KtAPl^d,  1  00  1  )      bl,bc',b^,.>T4,bb 

l\J  N=  1  f 

F  l  IK  I"' A  I    (  H  1    I  0  J 

FUk^A  I  IbF.  lb.bJ 
U  ■  ****************************************** 

L  U  A  I  A      |ut-'ii|     Hih     Uf'iUUK  AKHIU     SUM  *  I  hi  I  I  N  t 

u  ******************************************* 

UU     1/1      1 =1 , ) o 

K  F  A I J     1  d  I  i  1  U  ft  )  I   F  H  K  M  I   I  J  ,  I  t-PKMI  J 

Kfc  AIMi?b»  1  01  JUF  i  1  I  f  DM  I  J  )  ,  AF  I  I  )  ,  AM  1 1  J  ,  Of  1 1  )  ,  UF  11) 
1  /  1  LH'.i  I  1  Mill". 

KtAI>ir»h,l»4Jl»Ftflt*fv)AlfHK|  i  h> ,  <  i  f  (   I J  H 

KtAIUr'ndMfM   lh|   |   I,       (  =  1  ,  ■  J  H  J 


«!bl 


rfba 


^b» 

(ibU 
db^ 

r!t)JS 

C 
L 

rftvJ 


1  uu 


I  UUU 

luul 
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1  id 

\d()\ 
Idild 
ldui 

L 
L 
C 


Kt  A  I.)  IcJb,  lO^J  tMH 
KtAU  Idb,  1Mb  )  XXXX 
KtAU  Idb,  1 ObJ  Y YYY 
1U1  M1KMAT  1.1-4.5,  IX  ,f  i 

lud  (-UKMAT  It-  <4.y  J 

1U5  tUKMA I  I  1 5,  )  X ,  14 ) 

lwa  tUKMAT  12UI»  1XJ  ,t 

1U5  HIKMA  I  lt-b.0j 

lUb  HIKMA  I   It  4. 5J 

i;  ***************** 

U  DAIA     HIH     tUUKll. 

(J  ***************** 

tl.UW  =  H/Mi  .(. 
KtAU ldtt» 1 dt) 5J 1LUL 
DO     1  /d     NX  1  =  1  ,  1KIH, 
Kt  AU  Idttf  ldl'1  J  I.  A  A  t 

1  /HUI.UU'JXIJ 

(JDiM  I  INUt 

Kt  AlHdrt  ,  ldUdJ  ILC  J 
t  1 1  .<  A  A  I  I  4  I  (-  c ■  .  1  ,  1  X  ) 
HIKMA)  II-  5  .  0  J 
F-Uk«A!  15(1  1  »  IX)  ,  1 
***************** 
DAIA  [NPII  IS  I-  UK  I 
***************** 
NtADlJlflHlJlL'flK 

k  t  a  i )  m  i ,  i  b  4  J  1 1:  J  ii 

III)      I  MUX      J  =1  ,  IK 

KtA!H.M,lV)lMli 

LUIV  I  INUt 

DU     I  »«)  1     1=  1  ,  bo 

KtAI)lilrlH3»tNU=l 

HUM  I  INUt 

UN1AlllHI(',lX)J 

)-  DKMA  I  l*Jll-«.  5r  1XJ 

I-  U  K  'A  4  I   I  t>  1 1"  H  .  1  ,  1  X  ) 

hllKMAJ  (.a  1.1-  (4.3,  1  X  J 

***************** 

Ln  1KU  It      I  H  t     Ul  b  I  k 
L>U     1414     llMLKt=l  i  i 
LUMHIJ  ft     UU I HU I     !»• 
AOJUd  I     UtMANU     CUt 
IJU     15     1  =  1  ,UMb 
UU     li     J  =  1#IMI 
tMt K 1  (  L , J  J  ni.o 
UU      15     l\  =  l  »W  I 
fcNtKl  I  i  »  Jl=t  ul"  Kl  I 
1  5  UUiM  I  I  NUfc 

\)U     H      1  =  1,  '/Lb 
UU      1  ^     J  =  1  r  IV  I 
UUStll»J)=U.U 
UU     1^     K=1,MI 


1H«U 


lbUl 
lbl 
1  «d 
1«3 

1  rta 
L 
U 

u 


i,lx,tb.U,lX,tb.0,lX,t3.3flX,h5.i) 


S.3,lX,F4.4,lA,tb.0,lX,K3.d) 


******************************* 

AL     bUPHLY     MUDtL 
******************************* 


r  1  K  U  W  ,  I  i  Z  t  K  ,  1  I"  U  D 

NX  I  »NXJJ  ,      MX  J  =  l  ,  1CULJ  ,*  lllltK  I  MX  ]  )  , 

U  )  ,  1  =  1  ,  1L.UL) 
,  1  1  ,  1  X  ,  t-  S  .  d  J 

1 J 

************************ 

Hfc      l.Ab     SUbMUUtl. 
************************ 

,  NNIMU  ,  KUUfc 
J  ,  1  =  1  ,  1LJ 

J  J  ,  J  =  1  ,  J  i:  )  ,MIUbtNl  1  ) 
hi  1  IHULUb  I  1  ,J  I  , J  =  l  ,  IK ) 


,  HI 

,M.1J 

rM.SJ 

*********************** 

Mi     UlllHUl      Lt.VtL 

NCM  I 

Vl-Lh     HIK      IHt     fc.Nt.KM     MUDtl 

tt  IL'ifcNlti    1-uK    hLASrtCIUfcS 


I  ,  J  J  tti.'tKljY  U  ,  K  J  *fcl    AS  1    IK  ,  J  1 
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UUStll,  JJ=CUStU,  J)+tNfcKGY  U»KJ*fcLAST  IK,  J) 

IV  (JUiMl  INUt 

UU     eil     1=1, Nl 

KUbt  (  I  J  =KUbt  ll)*tl_Abl  I  I  ,  I  ) 
d\  I.IIN  I  INUt 

UU     14     1  =  1,1MHS 

ou    ia    J=1,NI 

i\  I  =11 

UU    lb    K=l,NHb 

K,  I -K   I  *tNtKbY  IK , J ) 
lb      UUNIlNUt 

PtKLtNl  U,  JjsfcNfeKbY  U,  J  )/K  1 
IH  C  U  N I  i  M  U  b 

DU  e!01   1=1, Nhb 

UU I HU1  11 JSUUI HU!  11 J*b«UWTH  H J 
iOl       LUN  I  INUt 
C         CUMPUIt  I  Hfc  NUMHtK  Ub  Wtb  I  OfcNT  1 AL  USfckS 

Kbb  1  =  1  p/ui;lup 

U  LUMPUIt     nAi)lL     btLlUK     tr-1KLH  YMt^J  I 

1111  Htl"iP  =  0.0 

LUbt  l(»,  1  J=l^  N'*YY  T  Y 

UU       31        1  =  1  ,IM| 

bllilWLt  U  J  =0  .  W 

CUMU II  J  =0 .U 
31     CUNf INUt 

uu  evd    1=1, NBb 

tMHLUY  U JSUUIFU1  11  J/ I IHM  EMP  1 1  J *PKUD  1 1  J  J 

cJtMP  =  HtMb*  +  f.KKLUY  I  1  ) 
eH)t  t  U N  I   1  N  U I- 

UM  100  3  I  =  1  ,  b 

UU  1005  J  =  l  ,b 

AHULU  U,  J)=All,  J  J 

A*AUiJJ:,»MliJ) 
ID  i)  3  L UNI INUt 

i;  CLIM^U  It     LUMMMth'L  1  Al     btllUN:     tMPLUYMf.NT 

Hi, A t  MP  =  Mt  MH  *  XXXX 

tMP=UUMfcMH+MtMP 
L  ALLULAlh     ti-MMtKLlAL    btL I  UN    fcMPLUYMfcNI     nY     SUbSfcCIOK 

UU    dVS     1=1,  NUb 

UUIUUJ  =CUM»  M1J*LUM  I  1  J 
iUi  UUIM  I  INUt 

(j  ******************************************** 

L  UUhPUTt     tNtKbY     UtMANU     LtVtLb    HUk     t  A  U  H    StC  TUH     AimU 

(_;  ******************************************** 

C  IUIAL 

i;  ******************************************** 

uu    )u    i  =  i,rMttb 

i  ill      1U     J  =  l  ,IM  I 

bUUWLt  UJ=l)UrHUI  l  U*tNtKl  1 1,  J  )  +SUUKCE(  J  J 
1U  LUivj  I  INUt 

L  UUWMtKLlAL     btC I  UK 

UU     11      1=1 rNCb 
UU      11      J  =  1  r  1M  I 
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L 


dva 


CUMIHJ  J=UUIC  U  J*CUSt  U  r-J  J+COMUUJ 

1 1  CUN I INUt 

KbblUtlMI  1  AL     btC  1  UK 

LM  I     i*.0  I      1  S  1  ,  N  I 

Ktbi)llJ=Ktbl*KUbb  11J 

CUM  I  1 NUt 

I  U  I  AL     UfcMANU 

UU     dUH     1  =  1,  N  I 

1  IH1)  =  blJUKLb  UJ  tKt«U  I 1  J  +C0M0  1 1  J 

CHU I INUt 

IF  HINW  I  K.tU.UJbU     IU     efdS 
LULL     WKIK      U)U IPU1 rfaNUW I H,bNt WGY 
IrtMHL'JV  »  UUI  tNK»KKUUf  CUM,  UCCiJHf  ytlUKCfe 
ZrtLASI  ffclMfcKl,SIKAIMf  AC  lUALrUUTC 
5»tOMU»KtSUfKUbt rCUSt»S I UCN 
«r  HUL  l>  ,  Hb.KCtU  I  ,NHhriW,Wl  ,  UL5  ) 
U  LHtLr     AVAIL AHIt     bUPHLltb' 

tiVi  LALL     MiLbUr'  lb  I  Ul^  \  <?  )  ,  I  iMCNfc  i 

CALL     UASl  I  I  I.  I  .^J  ,  b  I  ULK  13  J  ,  lr.i;wt  ,  AHULU, 
IrJL  t  /I  ,  KUUSfc "),  J  L  ,  1  K  ,  MM )t  ,  C-J  ,  UoJ  ,  MiMlMC  »  nULUbJ 

LALL    UhLI      IHH«J  #SMICK  I  <U  #  AAArbB,  /4T  ,KUUtK»CCJ 
1  ,  I  L  1 1 L  »  1  K  ;j^  ,  !\  /  e  K  ,  1  L  i.H)  ,  U  h  i\  ,  /  n(  I  L  l)  ,  J- L  I )  A  J 

siucmi  ;  =  i  inn 

L  AUJUbT     MISHLLAIt-     MIL     FlGUMfc     TU    MbAl 

blUCKlbJ  =  .!J*blUCM.*;j/r»;S.B 

UU    *M>b     1=1, Ml 

bUUKCh  U  J  =  I  II   11J 

Ih  tSUUKCt  UJ  .Lt.b  lULMl  I  J  btl     fU    «*0b 

SlJUKCh  I  I  J=SIUCK  I  I J 
dws  Liiivj  i  iNUt 

lb      UVJK  I  K.b  I  .UJ  bU      I  U     c' Id 
L  btl      1WHIK     III     KW1M     *IUUt 

1  NH  I  K  =  l 
L  U  DMK  U  r  t      I  M  t     L  t  V  I-  L     U  h     U  U  I  P  U  I     HUSSlHLt 

U 1 1     H  1  1      I  =  1  ,  iv  I 

bUUKCtll  J=bUU«Ch  11 J-CUMUU  )-Kfcb!>U  J 
ell  1  CUi\i  I  I  MUt 

UU      1C      1  =  1  ,  IvMb 

UU     \ d     J=l ,P  I 

AL'  I  UAL  I  I  J  SKtKL'tN  I  I  1  #  J  J  *bUUWCt  l  J  J  +  AL  I  UAL  I  L  ) 

AC  I "Al   I  1  J  =UH I KU I  (  1 ) 
it  C  U  M  I  1 IM  U  t 

l)U    t>\  5     1=1.  i>Jdb 

rlULU  I  1  J  =  UU  I  PiJ  I  U  J 

UU  I  HI)  I  l  l  J  =AL  I  UAL  I  1  ) 
d\  i  CUNf  JLNUfc 

llll  I  HU  I   UcJI^I  'ILK  IH  J 

II-  IS  HICK  I  e?  J  .tU.OJIHl  I  Kll  I  l  1  d  )  =  I  ILI^J 

bU     IU     1111 
i>.\iL  CUN  I  INUfc 

LALL     DtMUbltMKJ 
L'  KtSbl      J  tK  H-      lUHASblVt     MUU6 

L  \H  H  I  H  =  U 
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lUAIt=!UAIt*l 
1  S  1  V      LUNllNUt 
tNU 


R-  9 


10U 


dVV 
L 


Hull] 
I  U  U  1 
lUOd 

lUUi 
1  (>U<4 
1UH1 
I  Uub 
1  ou  / 

UiuM 
1  u  -  >  w 


bUUKUU  I  IlMt     >NhlK     IUUI  Hill  f  GWOW  1  Hi  tNtHGY 
1  ,hMKLUY,UU  lhMH,KKUU#i:UMf  iJLCUPr  SOUKCfc 
c»#tLAb  I  tfcNtHl  rb  I  KAN,  AC  I  UALrUUTC 
5,CUMU»KhbU»KUbl:»CUbt  ,b  I  UCK 
«  »  H(JLU»K,tKttpJ  I  r>»H3»WVy '4  I  rNCbJ 

SUbKUHIliMt    wki.v    cKii\jib     iHt    uutpiii    l-KUN     IMt    ENfcKbY    l*ODEL 

LUMMU'M/O'A  Irt/  1  l)A  I  t  ,  1  if- K  I  K 

U  IMfcNS  1  iJiM    UUlPUIlNbb)#bKUWTHlNHbJ,tNtKljYlNlJS»NlJ 
lrtMHLUY  INhbJ  t  UUIfcMr-  INHbJ  ,KKUIHNBbJ  ,  CUMlNbb)  , SUUWCfc  (NT) 
d,  tl_  AO  I  IN  I  rNI  J  rtlMhKl  (.NtfbflVM  J  •  5  T  K  A  i\i  (  i»  1  )  ,  AC  I  DAL  I  'Nib  b  )  ,  OIJTC  tNBS) 
3»CUM»J  IN  I  J  ,Kfcbl>  IN  I  J  ,  KUbt  INI  )  ,  CUbfc  (MnS,  I.  I  }  ,  b  I  UCK  IwT  ) 
<4,  HULU  luHbJ  ,  Kh  t<Ct-  N  I  I  NtJb,  N  I  J 

DIMtNblUN     &HUK1  I  1 b J  t  I  U I  AL I  1 bj 

ov    100    1  =  1 1 1Mb S 

5HUKI  UJ=HULUIU-ACIUALIIJ 

lh  IbMUK  I  I  1  )  .1.  1  .0  j  bU     I  H     1  00 

SHOW  HIJ=II,  (I 

CUN I  1 NUfc 

l)U       ^011        1=1,  lxJ  I 

lUUL(l)  =blUi«l  Mi)  +  Ktbl)  1  1  J  +CUML  1  J  ) 

Hum  I  INUt 

WW  J  N  I      UU  I  HH  I 

«K1  I  t  I  l*»  J.  HOO )  IDA  I  t 

VKllfclleSlOOlJ 

«K1 I t lid, lOO^J 

1MI     r'      [  =  1  r  lit 

/iKl  I  L  (  Id  ,  1  U  0  5  J  1  »  H  UL  U  U  •  ,  A  C  I  1 1  A  L  I  1  )  ,  b  H  U  W  I  I  I  ) 

WK  J   ItHt'ill'N) 

*K1  I  tlle'r  1  OObJ 

NK1  1 1  I  Id,  U'UbJ 

AKlltlle!,lUl»/J 

V  K  I  I  t  U  W,  1  uub  J  U  U  I  A  I    U  J  ,  I  =  1  ,ri  f  ) 

k\K  1  I  t  I  If',  llMIS] 

rtKl  It  I  id,  1UU/J 

I'Klll    (lr',|M>cM'iii|ii(LMl),l-l,'il   I 

Vt  W  I   I  t  I  1  W  ,  1  '    1  u  J 

IVWl  I  t  llffr  1  WO/  J 

/J  k.  1  I  t  I   I  d  ,  1  l>  U  H  J  1 1 : 1 1 M  U  U  )  ,  I  =  1  ,  N  I  ) 

A  K  I   I  M  1  r/  ,  1  U  1  1  J 

«W1  I  fc  I  l^r  lull/  J 

in  W  i  I  t  I  1  d.  ,  1  u  <><i  J  I  Kt  b!>  t  I  J  ,  I  =  1  f  N  I  J 

hikwia  I  i  ihi »  ////f«;y  iim*  J  t  bx  f  ib»  bx  »«?u  I  in*  J  r  //// J 

hUKMA]  1 1  OX  ,  'HKUUoC  I  I  ON     LtVtLb     IN     ll't     bAblC     SEC  HJK  '  » // J 
hUKMA  I  11  OX,  *btC  I  UK*  ,  /X,  'Ut  b  iKhlJ     ULI1  HU  I  '  #  7  X»  *AC  TIJAL 

1  U  U  I  W  U  I   '  ,  '1  A  ,  *  b  M  1 1  f  I  I"  A  L  I    '  ,  /  ) 

HJKMA1  i  /  ,  i  r-x  ,  L5fbX,.ilhl'i.bfbX)J 
H  l  K  M  A  I  1 1 H 1  ,  /  /  /  /  J 

H)KMAI(.«!OX,diH.lu*JrbX,,fcNEK(iY     UfcMAsMUb*fbX»dUllh*)»///J 
hUKMA  |  l<fOXr(?lUlH*  J  fbXf  *  IU1  AL     DtMAMIJ  *  ,  bX  #  <i0  I  1  H*  )  » // J 
hUKMAIllbX,  *CUALT  ,  lbX,  *'J1L',  lbX,  'bAb',  lbX,  'ELEC1  ',  15X, 
1  'u lb l ' ,  //  J 

I-  I )  K  '"1  A  I   I  't  X  ,  b  (, 1"  1  b  .  b  ,  'S  X  J  ,  /  /  J 

mm  ma  r  i^ (ix ,  c'u  i  in* ) ,  bx  ,  'has  n.    be  c  I  iik  ' ,  sx ,  r-u  (.  i  h*  ) ,  // ) 
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IV  H)  I- UK  MA  I  ItiOX  fC?w  I  1H*  )  ,  bA,  'LUMrttKLIAL     ShCTOK  '  ,  ^X  ,  dO  UH*)  ,  /  /  ) 

Hi  11  FUKMATl^OX,  dlHlH*  J  ,bX,  »WtSIDtNU  AL.     StC  T  UR  '  ,  5X  f  80  1 1 H*  J  ,  ft  i 

Kfc  I  UKIM 
t  iM  U 
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L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L" 
U 
L 
L 
U 
U 
L 

u 

L 
I 


6HBKUU  I  I  Nt     Mll.bMKlLWi.Hit  ,  I  hJCKb  J 
LUMMIIN      /LMA  IN/  1  D  A  I  t  ,  l'\h   I  K 

Uummuim    /UlL/XhNL(.b,10,«?),  H-NClb,b)  .  [tWK0k,Miv,Sl,Si»,b3,S4, 
IS*,     Al  ,Ai,  A3,  A4,Ab,t  l,td,t  S,F4,fcl,l.>l  ,l>rf,04,l)4,  1Y,aY0M1NG 

ef,  LAN  ADA  ,KWIH,HL  AN 
LUNiMUN/      /lb 

***************************************************** 
**********     b  I  A  1  t     VAKlAuLtb     ********************** 
5>l=bM0U  I  HtU     KKUUUt  I  1  V  H  Y      I>1HI./J>     SPfcNlJ 
3<»  =  bMI)U  I  HtD     UlbLuVtKY     Nil  IL  I  I  PL  It  K 
S5=NUKMAL     UK1LL  Ja-f-i     KAIt 
St|  =  UiM|.)l  csLUVh  K  1 1  >     Li  II    InHLI 
Sb=LUMMULA  I  1  Vt     IHbtUVfcKtl)     Ull.lbMLSj 
********      |  j  tNlVAIlVtb      **************** 
U  1  sbttMU  I  HtU     HKUUUI    I  1  V  I   I  Y 
DcfSSriMU  I  Mt  V     UlSLuVtKY       i' II.  I    I  M|    I  t  k 
I)  ^  =  I\UJK.  'AL     I.»K1LL1M.>     ^Alt 
lia=l)lStUVr-KV      KAIr       InrtL/ftAK) 
***********     AiMtlLLAKY     VAWjAULtb 
A  1  =  H  fc  I  1 1 K  i\i     k  A  I  1  "     Ih/HhL.  j/lMlL/*     s  H  t"      I  J 
AL=HW  I  LI    I  Ml,     KA  I  t       (.*/ Yt  AW  J 
A3  =  WUKilAL     I'loLDVtKY      iWriL/VWJ 

A«  =  A(.  Iiiai      I- KUOUL  I  J.  V  I  I  Y  IrlHl.     ()  1  SLU  V  t  ht  ;J /*  J 
Ab=U  ISLUVt*  Y     «AI  |H 

**************      t  X !  •  L>  t  IM  U  Ub      V>KlAnl.|-,S     *************** 
fc  1  =  *  fc  l_  L  H  k  A 1 1    H  w  |  i  |-     u  y  /  h    i)  U  L  L  A  W  b  /  ri  H  L  J 
***********     h  U  N  L"  I  1  U  N  b     ****************** 
t  1  =t  AHLtln  A  I  i  I*  Y      UK  ILL  I  Mb         WYfc.AK      Vb.      KtM'iK' 
Kd  =  iml      »)  I  Sl.i.'Vt  Kt."/*     bHt'Ml      VS.     LUi»1MUL  A  I  I  V  t 
t.4  =  lW  I  LI   1  •'•I,     KOIt      API  ilS  I   -ILN  f      VS.      OlSLUV/tKY 
|-4  =  bl/t     Ut      A     MAJUK     UlbL'UVtKY      lbHL/YtA»<J 
*************************** 
1  Y=  1  i)  A  I  t 
l.<\LI        1 1 b  I  A  I 


************************* 


:     k  A  I  J  1 1 
DlSLUVtKV 
•'MIL  I   1  PL  It  K 


*************************** 


lUl^HIM.tU.l'l      h-j      I" 

u 1 1 1  p u  I     k  t  b t  IL  I  b 

/.K  t   I  r   I  MM  ,   1  II  t)U  J        J  ')  A   I  t. 
LAN  AI;A=LAiMA!)A*KL  All 

A  Y  ijf-'  1  '  'l,  =  o  T  IK  '  I  "I-,*  Hi.  Y  II 

I.  XI II  It  =  t  S  S*  A  1  *  .  -S  )  +  ,;  Y  I.  IM  I  iJU  +  l.  AN  AD  A 

ill  K  1   I  t   I  1  <■'  ,   I  •  -1 1  J 

fiKI  I  e  I  N  .\,luii'.D     b  1  ,  b  r? ,  b  A  ,  b  «  ,  b  b 

.iXUMlrdrlcJ 

»\iiy  j  it  in  v ,  i  tiuo  j 

ftKlltUd,ldl^J 

AKI  It  IM'/,  100/  I 

AKllctl^UMM 

k.K  1  It  IN  '■•■  ,  \  "'"•  )      I"  I 

AKI  ItUeif  1111 J 

«Ki  I  t  lli#  1  Uli^JLKUilt 

L  ALL     UUPU  A  I 


Al,Ad,A5,Aa,Ab 

I-    l,l-r,l    S,h<4 


1  u 


LULL      i  ii  i  r-  i  (  'I  I 

HI     t "KM  A  |  l  lril  ,//  |  LX,<?U(.1H*j,<?X,  lb,f?X,dl>UH*),//JJ 

tsb    HIKM4I  ir'x,  '**********     blAlt     VAKlAWLtb     ********* 


***',//) 
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lUUb        t-UKMA  !   U  X,  'SMIHJ  I  H  (- I)     H 
1 X 'SMUD I HtU 
1  X  ,  *I\IUKMAL     l»K 


idid 

I  It  lib 


\dl5 
1  UUM 

l  d  i  a 
1  n  u  / 


(-  II  KM 

hUNM 

1 

1 

1 
1 

HI  K  M 

*  *  *  * 
M  J  W  M 

t-  UK  i\| 
'  rt"   1 


l  l  i  l       h  ntyc  a 

1  HUH         I   UK  MA 
d  d  d  d        W  t  I  U  K 
t  iM  I) 


1  X  ,  *UUU  |  SLUVt 
1  X  ,  'UUMCiUL 
' ,Y  ib.b,// 

Al I dX #'********* 
A  I  I  1  X,  *KK  I  UK  IV)  KA 
X , 'DK | LL 1 Nb  KA I t 
X , 'NUKMAL  DlSL'UV 
X  ,  '  AL  I  UAI  KKUUtlL 
X,  'V  IS UUVtWY  KAI 
»  t-  1  ^  .  1  ,  /  /  /  J 
A  |  le;x,  ********** 

A  1   I   1  X  ,  '  tfil-  Ll.Hfc.AP 
A  I  te;x»  ********** 
A  I   (  1  X  ,  *  h  X  r>  L  1 1  K  A  I  1 1 
'l. "I,  // 

1  x  ,  'HML     UiiSUUVI: 

'  ,  I-  ib.b// 

1  X  ,   '  UK  J  LI.  1.  HI'      K  A 

'  ,t-  Ib.b// 

1  x  ,  '  Vs)  i  /t-     hi-     a    h 
'ii-ii.1)///) 

I  l/f  i!X,  ********* 
IUX»rLNUl.)b  'VVAI 
N 


KU 
1)1 

IL 
Kt 

A  I 
/  J 
*  * 
I  I 
I 
fcK 
I  i 
I  H 


UUU  I  I  V  I  I  Y      UiHL/*     SPFN1 

SC'JVtHY     MUl   I  LPL  Lt  K 

LliJb     KAIfc 

I)     OIL  IHriL  ) 

IVt    i)  IbLDVtKtu    UlLltitfL 

AUL  I  LLAKY  V AKI  AtfLtS  * 
U  15/rJriLJ  /  IttHL/*  bPKMl 
i  /  Y  t  A  W  ) 

Y  I  ri  B  L  /  Y  K  J 

V  ]  I  Y  l  rJHL     L)  I  M'UVbKtO/*) 


SJ 


',F Ib.b// 
',F  lb.4-)// 
' ,  F 1 5  .  b  /  / 
',Flb.b// 


***********',//) 

J  *,Flh.b,// 

',F lb.b, // 

',Flb.b,// 

',F Ib.b,// 


*****     EXObtNUUb*     VAKiAHl.tb     ********** 


MKlCt  llV/h  lUHLAKb/h^L I 
**  MINI  I  Hit>ib  *********** 
KY      J  WILL  I  Mi         S/Yt-Ak      VS. 

Ktl)/1)    bHhN  1     Vb  .     LUMMUL  A  I 

It-     AiiJUS  I  -it-  \i  I     vs.     UlSCOV 

A  J  UK     UiSCOVtWY      IHBl/YtAK 

*****  '  M  H  fc  l<  ********** 

I.  Am.*"      I"  (IK       tlJU  I  A  MA      Kl-I-   (  Mt 


'  ,  F  1  b  .  b  r  /  /  ) 

*******',//) 
K  t  I  I)  K  i  J     k  A  T  in 

LVfc    DlSCUVfcWY 

hK  Y     MUL  I  I  H.1FK 

) 

*******,//) 

ws',bx,tib.b) 
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bUHKU 
LUMMU 

A  1  Y  =  l 
LALL 
Al=fc  1 
LAI  L 
CALL 
AeJsh  1 
CALL 
A  S  =  Ac± 
LALL 
iJ  a  =  A  5 
A<4  =  IJ4 
A-j  =  L><4 

U  1  =  1 1 

Ue?  =  I  A 
U5=l(- 

Kt    I    tlW 


U  I  iNt 

N  /O  I 
,bb,  A 
NG,CA 

Y 

IIAh  IML 
/SI 
UAH  N(J 
UAF  !Ml. 
*bi 
UAl-  IMl. 
*|-f? 

uauk: 
♦  t-  4 

/A^ 
/A3 

1  .  /  A't 
■5-Sc1) 
1-S3J 
N 


Ub  I  A  I 
L/XM'iL  lb,  lUr«J)  »  lHMClb»b)#  1 t KRUK , NW , SI  ,  S<?, 
l,Ai?,AirA«rAifKlf(-t?rf-i,haffel,l>l,fJPfn3,01,IY, 

'\iAI)A,K*  YU  ,  KL  AN 

lA!Y,t  1  ,t»J 

I  Al  ,1-  1  ,  1  J 
1 5  d  ,  Y-  3  ,  S  J 

I  5b,  h<!,e»J 

l  aiy ,i-<4, H ) 


J-bl J /s. 
/5. 


B-  14 


c 

C 


U 
L 
L 
C 
C 

c 
c 

L 

c 

C 

c 

L 
L 
L 

i; 

L 

c 
c 
c 
u 
c 

L 
L 

i; 

L 
L. 
L 
L 
L 
L 

l 
c 


L 


SUHKUMIlNt  UAFNC  lX*f  Y»1Z] 

CUMMuN  /UlL/XfcNLlb,10,e!J,lfcNClli,b),ltWK(ik,NW,bl,b<>,S3, 
13<l»Sb#Al,Ad,A3,A4,Ab#M,Fie,f-5,f-4,tl,r>l,l)t?,0i,L)«,IY, 

cfrtYUMlNb,LAi\tADA,KAYU,kLAI,l 


Ht   INHUl   AKbUtMtNIS 

SUMKUllllNt      ftHlUM      IN ftWHUL A  I tb     HP.lAttN     IAHLED 


A     PUL YNU^i AL     in     A     NUMBfcN     Ul-     PUlNlS 

I  Ht-      INUtPtNJtNT     VAKIAHLt 

I  Hfc     DtPtNDtN I      VAKiArJLt     CALCULATED 

NUMritK 


NtASSlbN 

X  =  XZ 

1  =  1Z 
I  HIS     15     A 
h  UNL  I  iU'M 

VALUtb    n  Y    t-  1  I  I  1  nil-* 
X     lb     IHt     VALMt     oh 

Y  16     IHt     VALUfc     UK 
I      lb     IHt     h  IHML  I  ION 

I  Mil     AKKAYb     llUb  I      ht     SUPPLltO      IU      II      1HKUHGH     COMMON 
I  ht     USfcK       ilJb  I      SUPPLY     A     CUMMUN 
K  UNC  I  1 II N b 
HtlNb     IJbfcU 
Xfc  NL  I  1  ,  J  ,  f\  )      lb      IHt 
1       lb      IHt     'Ml  li^iHL.  K     Ut- 
•J      lb      IHt      LNUtX     I-  UK 
K       lb      1      I"  UK       IHt 

V  A  K  1  A  H  1. 1 

lhNClifJ J     DtbLKlhtb     IHt     IMA  I  UK  t     HI"      IHt     hUNClIOM 
1      lb      IHt     NHMHtW     HI-      IHt     FUNCTION 

I  n  t     .)     VALOho     AKh      JStl)      IU     CUNVtY     INFUWMAT  JUl*     ABOUT      IHt 

fc  UNI.  I  1  tl  \i 

1     SI  ANUS     hi  Ik     Ytb,     U     blANHb     MJK 


THE 


b  T  A  I fcMtN I     SUI I AHLfc    h UK 
AKhAY     .MH1CH    CONTAINS     THfc     TAMLtO    FIIimCTIUN 

i  Ht  f  owe  r  i un  tit  iwb  usko 

i,n     FIIIMC  I  IUN    PU1  ig  l  s 
lMJtPF.NUtNl      VAKlArtLl"      AND     d     FOK     I  HI-     HtPENUFWT 


J  =  1  — t  X  I  H  ,jI)     H  li  JL.  I  I1 

VAWlAhLt 

J=d--t  "  l  tiMO 

VAKl AhLt 

J=  5  — tUUALI    Y 

J  =4|  --IS     UShU 

J=b--lb     ilbtu 


IM(J 
HtLUrt     MliMUMOM     VALUfc     Ufc      INUEPfcNOfcl    1 

HirjUllUN     WtYUNO     MAXIMUM     VAl'ib     Oh      INDEPENDENT 


bHACtU     VAl.tltb     Ufc      INOtPfcNOtNl      VAKlAoLt 

uh     UAIA    PUINIS     H      IMF     FUNCTION 


t  I  IK      ML     1'iH'IHtK 

I-  .IK      IHt      'MUMHtK     ''I-      ij  A  1  A 

llM      I  Ht      li  '  I  I-  KKllL  '>  I  111'. 

I  h  H  K 1 1 K      |  ■■>     A     b  I  b i)  A L     U S 1 1 1     I  U     i  N I )  1  C  A  I  t 

1  iM  I  t  K  K  I  I  L.  A  I    I  I  Mv, 

U      liMUlCAItS     NU     tKKUKS.         1      INDlCATfcS 

IHfc     HWJNItK     riUMHtK     l-UK     fcHKIIK     MHbbHtS 


Pulttlb      10     Hfc      UStO 

ALFUNCT1UN     In     THfc 

AN    tK*Ok 


■  »A        1   O 


KtAoblb'M     tlhltlj     Ubtl)      AKKAY      VAL'ltb 
J  ij  =  |  (-  ■  ;  L  I    l  ,  a  ) 
.1-3=  I  H    U.  I    I   ,b) 

X1  =  XH\jC11»1,1J 

XN=xh  i-L  I  1  ,  J 'I  ,  1  J 
INlllALI/fc      tWKUh     PAKA'-ftltK 

1  t  KKiJ'<  =  H 
LHtL*       \>>      OtL      1H       X       lb      IN      IHt 

IF  IX.Iit.XlJ     b  1 1     IU     l«»3 

lh  lifcNLHf  1  1  .h    j.  1  )     tit'     I  II 

rtKl  I  t  I  i»*f  1  "1    I       1  ,  X 


HKDHI-K      WAWlifc 
1   )C 
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101      l-UKMJIl^H     HtLUW     KANbt      Mf-      h  UNC  T  I  UN  #  1  4  ,  li  1  b  .  a  ) 

ltKKUK=l 
IVd     Y  =  XHMC  I  I  r  1  f  «»J 

Kfc  I  UK  IN 
lUi     ieiX.Lt.XNJ      bU      I U     1  Oh 

wki  1 1  livw,  loaj    i,x 
ll»a    l-UKMAI  lr?4H    AtM'Vh    KANbt    '"-    KUNCTIUN» I4,blb.4j 

ltKKUK=l 
1  Ob     Y  =  XMML"  U  ,  J<4,  d) 

Kfc  I  HKM 
L        UNU     blAKIlNb     KU1NI     HJK     SfcAKUH     FUK     lUUtPfcNDtN I      VAKlA4Lt     INDEXES 

iob    Lx  =  iHxiux-xu/iXN-xi))*H-UATi.J4-lJ)  +  l 

lh  UX.bU.vKt  I     l  x  =  j«-l 
L        AKt     VALUhb     U>      llMUfcHt.NUfcNI      VAKlAriLt     tNUALL.  Y     SPACED 

it-  UHMLll,  5)  .fcU.OJ     BU     IU     MU 
L     AKt     Aim     EVtN     UK     UUD     IMUMbh.K     J  I-     DAlA     PLUNIS     IU     IU     rtt     USED 
1  Ubb     A=H_UA  I  Ub  J  *.b 

1  A  =  1H  IX  (A*.  I  J 

It-  I  A.  I-  I  .HUfl  I  I  I  A)  J      bU      Ml     10/ 

1 X=l X- I A+l 

bU     IU     I'll) 
L         .MhibH     HAKI      Uh      lKltKVAL      1 -~i     HUM.  I      IN 
10/     J  =11 

Xll=Xl-iMUl.lr   1X>1,1> 

It-  IIX11-XJ/  IXll-XHiLl  lr  I  X,  1  J  )  .L  T  .  U.b)     .1  =  1 

1  x=l  x-1 A  +  J 

bU     IU    lbU 

b         htAKLH     HiK      iNUtXfcS 
110     J  =  0 

K  =  (J 
ill      !»■  IX-XUMC 111  r  1  X,  1  J  )      ldU,  lefO,  1  e>b 
1^0      1»-  I  J  .fcU.O  J      bll      It)      ]  c-1 

I  X=  1  X-l 

b  1 1     in     1 0  b  b 
1*1     r.  =  l 

1  X  =  1  X  -  1 

It-  I  L  X.iMt.OJ     bU      I  ii     111 

1  X  =  l 

bU      IU      lObS 
le'b     lFlK.tN.lJ      l.U      III     lUbb 

J  =  l 

1   X  =  1   A  +  1 

iiii     I U     111 
IJ        .St  I       I  IMUEXE3     I-  III"1      IN  I  EKPUI.  A  I  IIMM 

1  b  0     1MU.LI.1I      I  «  =  1 

J=J'I-.I  Df  l 

it-  U  X.b  I  .  J  J       I  X=J 
L=lX+Jb-l 

b        M  A  K  t      1 IM  i  t-  K  H 1 1 1    A  I  i  1 1 N 
Y=0. 

UU     UUU     K  =  I  X , L 
YL  =  1  .'i 
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3UU 
*4  0  0 


l)U     iUU     J  =  iX,L 
IhlJ.tU.iNj     till     I  II     MIO 

XJ  =  XMCU»J  ,  1  ) 

TL  =  YL*IX-XJJ/  IXM^L  I  1  ,  K  ,  1  )  -X.I  ) 

CUM  I  INUfc 

Y  =  Y  +  YL*Xhl\JU  11,  Kf  dj 

K  t  I  U  K  iM 
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bUbKUM  I  llMf.     IIUHUA  I 

LUMMUiN    /UlL/X»-NClS#lU,rf},lFNClb»b)i  I  tKKtik  ,  NW  ,  S  1  ,SS,Si, 

lS«,S^,Al,Ae!,A.S,A<J,At>,hl,f-(e,t-<,h4,tl,lH,l>e',lM,D«»lY, 

d  iV  Y  U  M  1 1 J  b  ,  U  A  i\l  A I I  A  ,  H  <l\  Y  U  ,  K  L"  A  'J 

Kt  IUKIM 
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SUWWUII  I  INt     I'Ab     lUtMANU, STUCK,  li\ICKfc  ,AHl)LU,HC,  ZL" 
l,KUUStN,  IL'#  IK,  KUUfc,CJ,  UbJ,Nl\INC,HULDSJ 

UlKikNSlUN     A  HULL'  I  1U,  <±0)  ,  HC  (  SO  )  ,  ZC  IdO)  ,  KUI)SEfU20J 
1  »U  Id")  J  ,HULUS  l^b,hj 

CUMMUM/IMA  J  IM/  IDA  I  t  ,  1  >1K  I  H 

DIMtNSlUN    hASlMlUJ 

S  I  UCK=DfcMAND 

UtMANI)  =  UtMANU/  1  .  Otb 

NU  =  '»*  LU 

i\j  k  =  et  *  IK 

uu    i unj     l  =  l  , J  k 

HUIJ  SHULUS  I  llMUWt  ,  1  ) 
1UU)  CUN I INUt 

uhj=o.o 

UU  ^^t'  1=1,10 
ti  As  IS  I  I  )  =  0.0 
eVc;      LOW  I  iNue 

HC  lb)  =  Ut*1 AND 

ih  I  IrtK  I  K.tU.O  J  (,l)   Hi  dUl 

wKi  1 1  lie?,  looaj  1  DA  I  t 

er  o  l  (j  i )  i  j  i  i  i>i  1 1 1 

CALL     SlMPLh  X  I  AHULU,rtC  ,  Z  L  ,  KDIlSk  u,  i  C  ,  |  K  f  C  J  t  NNNC  ,  KUDE  ,  Ob  J  , 
lttASlStl^WIKtl'-'Kt'MUJ 

lh  IHASlSlbJ  .  I,  I  .()  )M)     I '.I     1111 
bd     IU     1110 
KUUStNle;j=5 
Ll/'M  I  INiJt 
UU     50  0     1=1 , I H 
CJllJ=LJllJ*1.0b 
L.  U)\l  I  J  NUfc 
lhllWKIW.fcW.OJlaU     IU     SOU  5 
HKlUfc  =  l)bJ/UfcMAND 
l«  K  I  I  t  I  I  d  ,  1  0  O  b  )  K  K  1  C  t 
DVKlltllifrlcdbJ 

AW  i  I  t  I  lr",  1  UU/  )  IrtAb  lb  I  1  J  t  1  =  1  ti'lWWL  J 
Hiu*l  hHKMA  I  uhi,//,^uum*|.'3Xi'i^o    SUWHL  Y  '  ,  b  X  *  I  b  r  *i  X  ,  20  U  H*  )  ,  /  / ) 

lOUb  H1KMA  I  11  OX,  '  AVtWAlit     KKlCfc     Kfct*     MCF.',bX,Elb.b,//J 

lOub  r  UKMA  I  i  l  -I  k  ,  ''  oinih'Lt  :b    MY     liAS    suhki   r',//) 

100/  HJK1A1  UOX,  **Hli\f  I  ANA  ',tlb.b,/, 

'ttlb.bi/, 
* ,  1 1  b  .  b ,  /  , 
Stlb.bi/, 
'itlb.bj 


11)1 
1  1  1  u 


50  0 


1 
d 
S 


('l)Ui 


r  1 1  H  M  A  I    I   1  1 1  <  ,   '  S  1 1 1 1  h'  L  t  S 

h  UK1A  1  I  1  OX  t  *i  UliV  I  ANA 

1 0  A ,  'CANADA 

1UX,  'Wfl!«llf-I, 

I  0  X  ,  *  A  K  I  1  L 

I  0  X  ,  *  L'U  A  L     lift  S 

wh   I  LIKN 

t  IM  J 
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L 

i: 
u 

L 
L 
L 
L 
L 
U 
L 
L 
C 
C 
U 
L 
U 
U 
C 
L 
U 
L 
L 
L 
L 
L 
L 
U 


L 
I. 
L 
I. 
x 
x 

X 
X 
X 
X 
X 

x  • 

X 
X  1 

L 
L 
L 


r'vnv 


bUtJKUUI  llMt  SIMHLtX  I  A,  ti,  ZC » KOOSt N ,  IC,  IK 
1,UHJ,HAS15,  1AKIK,IMK,IML) 

************************************* 
A  SiMHLtX  ALWIK1IHM   I  IJ  bULVt  t  UK  ZWAX 
HtMMlia  UH  IU  I  Wt'M  I  Y  (VU)  STRUCTURAL  V 
iwtNlY  UUNS IKA1NI  tUUAIlUNS 
************************************* 

VAK1  AHLt  Ut.h  IN]  I  HUMS 

KUU5tNUJ  =  IHfc  UlKtCllUN  Ut  THt   lNt'OU 

HKhbtMLt  Ut-  AU  tNUALlTY. 

1  =  Ut 

d  =  Lt- 

4    =    cM 
A(1,J)     =     IHfc    UUfcH-ALltNIS    Dt     IHfc    (JlirvS 
KIlDb     =     I  r  1 1-      lYHt     Ut     PMlHLtM     Til     Oh     SOL.V 

U     =      /MAX 

1      =      ZMl"4 

H  I  1  J  =  IHt  UUNSIANIS  t(j*  IHh  CUNS1RAI 
1L  =  THt  NUMHtW  lit"  SIKUL  I'LIRAL.  VAKlAhL 
IK  =  [i-il-  NUflUfcK  Ul-  LUNS I k A  I N  I  tUUAIJiJ 
ZU11J  =  I  HI-  V  A  L  Ht  Uh  I  ttt  VAKlAhLt  IN 
NNNIjr  ( Ht  NoKrtt-H  Lit-  MLIlM-ZdKO  ClKvSIKAlN 
HAblS=A  VtLlUN  I'MlLH  KLIUK.Jb  Th|-  V  A  l<  I 
|jHJ=A  VAKlAULt  VHiCH  kfc I UKNS  |h(-  Z'iAX 
LJ11J  =  IHt  UHJKLIIVt  I- U 'Jill  UN  IN  A  V 
IvVKIh.'     1 N     A     VAKiAMLt     bUVtKNlNIi     UUIHUT 

0=1,1)     UUlKUl      ib     KKlMtHiDAIA     K 

l=t-li\iAL     SULUIIUN     KKlNTtOrUA  I  A 

************************************* 

1)1  Pit  1431  UN     A  U  (I,  r>.\j)  ,  11  I   lUJ#/Cldl>J»KODStNl 
L)l  Hit  NS  1  UN     J  AK  I  1  I  a  0  )  ,  UU  t  t  I  a  i)  )  ,  I )  X  I  I  /  b  J  ,  !M  X 
lrLll4»J»£l/')J 

LALL     UKtlM  I  1  £,  'nil.K  I  '  ,cf,  I  tK  J 

************************************* 

IHK.^t     UHMUNALLY     UUMPlLtlJ     L  I  'M 1 1>     A  I   I  0 /< 

LHtU       IM(-       I  i^KII  I      HAIA 

******************************* 

I  YHt       I  I    f   I  H , NNNC 

K  I )  I  >  fc  ,  ]  A"  K  I  K  ,  U  H  J 
'LJ  *  ,  (  I     I  I   M  ,  J  =1  ,  14 IM N C  ) 

'ntbls        "  ,  IrtAblSll  )  f  J  =1  «  NMMC  ) 
'MIUStN  '#lKUI)btrUl)»I  =  l»lWJ 

'L  ll .  iS  I  Art  I  .->  '       'flt>llJrl  =  l»lKj 
'a  ',UI.UJ,]:1,1U) 


,  CJ  ,NNNC,KUI>t 
************* 

u  y    l  m  i  n 

AKIAHLtS  AND 
************* 

AL  1  I  ItS    Oh-     1HE 


TK  A  In  r     t.UUA  I  TUNS 
t  U 


Ml     t'JUA  I  IdfMS 

ts 

MS 

THt     DUAL 

lb 

AHLfcS     IN     THt     BASIS 

lit      ZMIN 
f  L  I  Uk 

tlUKNtU     I  LI     ,4  A  IN 

Kt'l  I  IK' NfcU      10     MAIM 
******************** 
2Ul,CJle!0),BASlSllO) 
J (  /^) ,  ISU6C  (bU) 


******** 
li-'H     UStK     ID 


***  *********** 


I  Ykh 

I  Y  Kh 
I  Y  H  fc 

I  YKl- 
I  YHt 
I  Yt'h 
H  A  i )  b  t 


U 1 1      1       1  =  1  ,   I.  He 

I YHC      IHI,J)|J:|,IUI 
************************************* 

l-Nl)     Ut      U  A  I  A      I  t.b  I      HI  Ul* 
************************************* 

LHi     d  IVH     ll>  =1  ,  i^MUL 

imxj  ui:kj=ilk 

L'Iim  I  llMUt. 


*********** 


*********** 
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L 
L 
L 


iHib    iAi\tb    laki-.    nt-    a  u  » J )  v  alhi-.s    imai    Akt    imuI    ki-ad    in 

1LL  =  U 


l 

L 


L 
L 
L 


Ull      1  0  0  0      1  =  1  ,  IK 

1  L  L  =  I  L  L  ♦  1 
LiMM=lLL+JLL 

LI-  IKUOSbNH  )-d)     lUUlflOUdflUO/ 

UUMfcb     Ht*t     WMtN     UUNb  I  KA1N  I      (.  |J      IS     Uf      THt     LK     TYPb 

lUUd        A  I  I  ,  LUMJ  =  1  .i; 
NX  1  I  ] J SLNM 
NXJILIMMJ=LNM 
L  J  ILI^'M)  =0.0 
bU      I  i)     1  Ooy 

LUMtS     HtKt      .<HM\I     UDNb  I  i<A.I  W  I      lb     hh     bt      lY^h 

100  1  A  I  I  ,1    iMMJ  =-1.0 

LJ  IL'JM  1=0.0 
IMXJ  II.  imM  )  =L'VJI' 
lLL  =  il.L+  I 
LNM=ILL+IL 
a  I  l  ,u\irj  =i.n 

IMXlllJ=LIMM 

fUJll    i  jM  J  =  |_  hli-t 

J  A  iv  I  1  U  J  =  L  i  ■)  I' 

lh  IKUOh J     1  0  0*1,  1  hii'd,  1  lint) 

||-      Mlll|-=0       II      MI-ANb      I"     MAX  I  MJ /(_      ll>!     V.  HIGH 
LAbt     Wfc      MAlVt      AKI1I-1LAL     U     VtKY     lit  O  A  I  I  V  t 

LJ  I  LTvIM  I  =-1  O.h  lr1 

i,  1 1      Id     1  mm 

LJ  IL.'JMJ  =  1  U.t  1  tt 

Ml       I  II      loon 

UUMhb     HMVt      i'MLI!      AN     M.I     LH'Jb  I  IV  A  1  U  I       I  Y  I- h      J  b     -VtAO 

IUU/  A  I  J  ,  Li.  M  »  =  1  .0 

WX  1  I  1  J  =LI#' 

■MX  J  IL  IVM  J  =1.  :'ii  i 

J  AW  I  1  t  J  J  =Ll'iCi 

b  li      III     loin 
1  \1  0  0         L  1 1 IV  I    1  "j  i  '  1- 


1  o  1  o 
L 
L 
L 
L 
1001 

lOUb 

L 
L 
L 


L 
L 


m=  l  It 
i\|  =  LN  i 
IV  =  0 

bt I  UP    LI 
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14 
lb 


UU      lb      1=1 »M 

UU      lb     J  =  1  ,  f  4 

II-      IIMXIIU-IMXJCJJJ      1  b  ,  1  4  r  I  5 

Ulll)     =     I.  J  I  J  J 

U  U  N  I   1  N  I  1 1 


c 

L 
L 


1  lfcK  =  U 

LUMKIIIt     /      Alii)     /I. 

d\  UU     d^     J  =  lfIM 

I  I  J  J      =     0  .  U 
UU      £^      I  =  1  r M 

z  i  j  )    =    ajj*i:iu  )*aiifJj 

d'-i  LlMM  I  INUh 

Z  L  I  J  1      =     ZUJ-LJUJ 
e"l  L  UN  I    I  AJIJfc 


d« 


L 
L 

L 


UUJ    =    o.u 
UU    dn     1  =  1  , M 
ubj     =    ubj+i:  I  I  1  J  *H  I  1  J 
CUN  I  1  NUfc 

Ut  I  t  KM  I  Ul-      HI  VUI      IJULUMN  . 

ZLM     =     /I.  U  ) 
J  M     =      1 


i; 

L 
L 


L 
L 


1  lib 
1  U  / 

1  UV 


leM 
\dd 


1  31 


DIJ  1D4     J=tf,N 

I  I-  IKUUt  )      lObr  1U^#  1  Uh 

IK  1/L  I  J  J  -/LMJ      1  I)  /  ,  1  0*,  104 

II-  IZCl  JJ-Zt'MJ      1  i)4,  1  US,  10  / 

an   =    / l  i  j  i 

J  M     =     J 
L'UN  I  1  wilt 

LHtLK      I-  UK      I  J  M  I   1  MAI    . 

ii-    i  Kunt  j    \e<!t  \d\  i  \e.d 

II-  I  /I>1  1151,  dddd,  dddd 
if  HLMiddddidddd,  1  *> 1 

1-.  1 1      l!i     d  d  d  d 

Ut  I  tWMllMh      I'  I  MO  I      KUW. 

KM=  1.UH  II 
1  -  =  o 


1  5b 


UU  I   <V      l  =  l,l-i 

II-  IMlclMJ      1  4  4,  1   V,  1   SS 

K  X  =     bMlJ/AllrJMJ 

If  I  X  X  -  X  t«l  J      1   s  /  ,  M  S  ,  M  V 
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L 
U 


13/         XM     :     XX 

1M    a    1 
I  3V        LUM  I  HMUt 

KtKHIrte     H1VUI     UHtKAIJUN. 

XX     =     A  (  11*,  JM 

B  I  1  M  J       =      H  I   I  i ■:)  /  X  X 


no 


UU       1  b  4      J  =  1  ,  l'«l 

*  I  I  M  »  J  )      =      A  1    I  M  ,  J  )  /  X  X 


I)  II      1  hi       1  =  1  ,l»i 
J  I-       I  I  -  I  M  J      1  b  /  ,  1  h  1  ,  1  b  I 
lb/  XX      =      A  I i , J  M  J 

Mil)      =     yilJ-XX*bliMJ 

UU       1   Mil       J  =  1    ,  H 

All,.U      =      A  U  ,  J  J  -  X  X  *  A  U  "  r  J  ) 
1MI  LUh  I  1HUI- 


1  hi        LI  IN  I  INI  Ik 

L  I  I  I    1)      =     I    I  I  .h-i) 

IM  X  1  l  I  M  I      =     iM  X  J  I  J  M  ) 

bl)      ID     ^1 
<L£d<L         II-      I  l«K  I  K.fcU.O  )  l-il)      ID     «iH«8 

W  K  1  I  t      llf,,(,fVM 
r-cVS       MJWMA  I  1 1  OX  ,  1  <Jnh  1  i«IAL     SUl  IJ  II  UN// J 

rt  K  l  I  h     (Kr^r'AJimj 
e'^c'y        HIKMAI  11UX,«H/      =     ,  fc  I  b  .  S  /  /  J 
^rtMtt        l)u     rf*3«l      1=1,  I  L 


ddS\ 


UU     er-31      J  =  l  ,m 

J  I    II  -  N  X  I  U  )  J  r>  d  3  1  ,  e  d  5  b  ,  t>  e!  S  1 

L  U  N  I  I  111  t 


XPW  =  i)  .  'I 

bil     in     dd5b 
«f  ei  3  b       XKKaHUJ 
dd3b        It- ll'JKTrf.t  U.f  JtiU     IM     it?  4/ 

WKUt  llii#ir^3  5  Jl.XHH 
dd*>  I         BASlallJSXHK 
<^d  3 U        L  U  N  I  J  N 1 1 1 

I  h      HWK  I  K.bU.UJIiU     I  U     £?0  1 
d*3J        MJWMA  I  ilOXf  1HX,  i«f  ,  dH  =     ,hlb.b/J 

«k|  I  I-  i  1  d ,  d  r*  3 u  ) 
ddS<i        hUWMA  I  (.//  10X  r^dhlll  HtK     VAKlArfLtS      1  IM     HASIS//J 

1L     =     IC+l 


ddm 


UU     ddmt      1=1,"' 

UU     ddU"     JSlCiLNM 

H-U-NXlli))eVl(/,eV<41,r'<-_'4. 

AK1  I  t  I  \d,  tLdS1*)  J  ,  M  I  I   ) 
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dd**0        UUN  I   I  iMUt 

WW  1  I  t-  I  Idpdd^i)) 
dd'il)       hUKMAIt//lOX,lJHbHAUlJA    HKlCfcS//J 

IJU     ddhi)     i  =  l  ,Li\M 
L)U     ('('ft^     J  =  l  #M 

ddHd        LDI'Jl  J  Nllt 

WKllfc I IdtddiS)  I  ,  IL  I  1J 

d^bU        L U N  I  I  i\i 1 1 1 
1L= I L-l 
cM>  I  Kb  I  UKlM 

tNIJ 
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V151 


dOO 


f-Ul 


VI  Id 

'-'IK' 
sill 


vi  i  •s 
vi  i  a 


->  i  bo 


bUbKUIJ  I  iNfc     tLtLI      lUtMt  ,b  I  UUK  ,  AAA,Hfc)  ,  ZZ  1  ,  KUUh  K  ,  CC  J 
lr  UULi  1KUW,  HltH,  ltul),bt.N,  ZHULD»J-LUWJ 

UlMtNSiUN     AflAlH>,eruj#Hfc*llO),ZZF  lefUJrKUUfckt^OJfCCJtiO) 
1  , ZHULDl  1  0  J 

UDMMUN      /L'MA  I  t\l/  1  I)  A  I  t  t  1WK  I  rf 

I)  IMtlMbl  ll'^j     b  Abut-  I  1  I)  J 

IM  W  =  eL  *  1  W  U  W 

NL=a*iLUL 

b I UUK=UtMfc 

ULI     VIM      1  =  1,10 
bHU  J=U.O 

bAbUI-   I  i  )  =0.(1 
//I  I  J  )=o.o 

1)11      r?0  0      J  =  l  ,  iNllKl 

HH  I  JJ  =  t£HUUHJJ  *L»t^b  J 

LUfl  I  I  NOt 
W4l4J=bU.U 
f»M  lb  J  =540.0 

It-  I  LftWIK.tU.OJ  MJ     I  U     (^'"l 
WKllbUeffVllUJ 
1. 1 1  N  I  i  n  1 1 1 

CALL     SIMKI.b  X     I  A  aa,  r.rt  ,  11  I  ,  KuutK,  JCUL  ,  [KUrt  ,  CC  J  ,  NZt  K  *  1  COD 
1  ,  /"i  |  ,\j,  fcJAbUt-  ,  1  ftN  I  *,  nk  ,  IMC  ) 

lh  I  IwK  I  K.tU.UJbl)      Ml     VI  bO 
L  lib  I  =/M  I  iM/Uh  Mt 

h«llhll<?»MU<|jCUbl 

KVK  I  I  h  11  <•? ,  V  1  1  1  J  I  M  A  b  U  t-  I  MM  J  ,     IM  M  =  1  ,  1  C  [J  L  ) 
lh  IrtASUf-  lef )  ,b  I  .titNJUU     I"     V  1  1  t> 

1, 1 1      It)     VlbO 

iri  k  l  1 1 1  l  ^ ,  in  i  5  j 

HI  km  a  l  I  //  ,  HH|M«J  ,  bX  ,  *tLtC  f  w  11  AL     SUUK(  t  b'  ,bX,  10  (.  1  H*  )  ,  //  ) 
HiKMA  I  U  OX  ,  'MYUKUtLtClKlC  »  lUX#tlb.bf  hX,  'Mtfc  A  l«  A  I  TS  '  #//  i 
1  1  o  a  ,  *  (J  1 1  A  l     t  lh":  I  K  i  i; '  t  \  o  x  r  t  I  5  .  b  ,  bX  ,  *  Mt  U  A  vh  A  1  I  5  *  f  /  / , 
rf  1  u  X  ,  *  ii  AS    i-  L  t  L  I  *  I  L     ',li)Xftl5.b#bX,*^tl,ArtATTS'#//# 

S1UX  #  *U1  HtH     I't-aMMi'rlllXjtl^.i^X*'  «f  bA.'.AI   I  b  '  ,  //  ) 


t-  1 1  h  M  a  I  I  /  ,  1  o  X  ,  '  A  M  i'i  I  I  1  U  (j  A  L     li  tNfc  H  A  T  1  UiM     I"  A  C  1  L  I  I  1 1  S 

hUKMA  I  HUXf  *  IHt-     AVhWAi.t     lUbl     I'kh     Mfc fc AW  A T f  (  1  9  /  8 

',1X,I    Ib.b,  ///  J 

f,  r  n  =  ij  i-  N  +  r."  1  ( 

H.Jld)  =l.L  J  lc',1  *  1  .03 

Kt  I  I'KU 


NfcUU  WtD  '  J 
()HL  LAWS) 
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ll)U  I 

lull 
1UU  5 

1U0<4 
ltlUb 

11 11 

1 1)  lit 

lllcill 


bllbKllll  I   HMt      HtMUb      ILMK  ) 

UUMMUN     /LCUMUKl  / AH  1 / ) t AM U 7 ) , b  18 ) , Uf  1 1 # ) f DM  1 1 7 ) 
1  ,  Ur  l  1  /  J  »U"«l  1  /  J  rHK,  ALPHA,  IP,  I  Mr  1  F  ,  I   i,Kh,  IB 
if,LhKKMU/i  rLhHKHl  H  »SAI  f  WUKK,UUMli  UNtMP 

tUMMUrj/l.MA  J  N/  I  DA  I  t  ,  1*.K  TK 

CALL  CUMUK I ItMP ) 

WHl  I  t(16  1001  )  IDA  I  t 

WK1  I  tlleif  lOOdJ  I  H 

WKiltll«i»1005jTM 

wk  J  it  I  u>  looaj  ii- 

*Ki  I  fc  (  li^,  1  UUbJ  I  H 
WlltUMUl)  ALPHA 
If.'Wl  I  t      lUi  1  Ul  1  J  WUKK 

x  =  u 
VSIJ 
WKJ   I  t  lldt  10r>0J 

L)0     'lUD     J  =  l  ,  lh 

x  =  r 

WW  I  I  t  lle?»  1010  J  X,  Y  r  AMU  J  ,  Af-  1 .1  J 

UUM  I  N».lt 

hUKMAI  Uhl,////l«M'X,«!bHHl)l'll1   AT  ION     PKUJkCl  1UNS     FUN 

1  ,dX,  i<4)////J 

ft  U  K  K     HIHLtr'5H,Ha.O)//) 

KUPOLATiUN     I  ,s,  bX  ,H  S.C  )  /  ) 

<  i  A  I  .fc  b  ,  "D  X  ,  K  B  .  U  1  /  J 

I- 1  f-.  ALtb,bX,t-b.O)/) 

rt  IK  I  HbfbX»K».0)/J* 
I-  UKMA  I   I  I  1  X  ,  1  iMNt  I      MlbKA  I   IUW,  TX  ,V  I  0.0) /J 
MIKrtAI  ll3X»Ki.0»iXfrftilU#«JXfh3.0f«X,H».U»10X,F8.0)/) 
l-UKHAI  HbXf  3HAbhf  ldX,bHMALES#10Xf  7MHiM*LtS)//J 
Kt I HKM 

two 


tOKMAI  UKi'^HI'lUi 
h  0  K  M  A  I  IIIX,1HHIII|AL 
KIKf'Ml  UU.IIHIUIM. 
HIM  'lA  r  I  I  1  X  »  1  iH  M"  I  Al 
MJKMW  I   I  I  I  X  ,  1  t?Hl  I'  I  AL 
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L 
C 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

i: 


L 

L 
L 


1  uu 


l"".H) 


L 
L 
L 


hUU 


I******************* 


SUUKUUIlNb     UUHUHI      lhi«lH) 

LDMMUN     /ULUMUK  I  /  At-   I  W  J  »  a'vH  1  M  ,b  IH  )  ,|)F  (  l  /  )  ,UM  I  1   /  ) 
1  ,Ut  ll/J  ,UMU/J,HK,ALKHA,   IK,   I  1-1,  It-,   I  tJ,NH  ,  1H 
r',LKHryMU/JfLhKKhll/J»v>Alf'HJrfKrL'ilMlrllfMtMH 

**************************  *******  ' 

VAKl  AHLt     Dh  K  1 IM  1  I  I  DIMS 
Ah=iMUMbtK     Uh     hfcMALtb     BY     Abt 
AM  =  i\lUMBtK     UK      MALtS     MY      Ahfc. 
brBlKTH    KAIt    MS  I  KlrtU  I  llM    n  Y     Abt 
«K=HJw|Hb     fcVtK     Ht«     hfcMALfc 
Uh=l)bAlh      KAIt      HJK      |-t'''ALti>      rlY      Abt 
UM  =  Ut  A  I  H     KAIt     MJK     MALtS     HY      A  tit 

UK  =t  KAL  I  Hum     Uh     '1H.KM   IbW     HY     thfALfcS     tfY     Abt 
UM  =  t  K  AL  I  1  HIS     Ut      MJLtihA  I  lllft     ri  Y     MALtb     hY     Abt 
I  H  =  I  U  I  A  L      K  U  K  1 1 L  A  I   1  U '" 
ALKHASMMA1.      ilibK  A  I   J  Hi\l 
|  M  =  M  I  I  A  L      K  A 1. 1 S 
I  t-  =  1  O  I  A  I       l-t    lALtb 
I  h  = I U  f  A  L     HJKlHa 
NH=WlJM«tK     Ut     htKIILt     YtAWS 
|  H  =  A  Li  t     H  1  H  I  H  b     bl^wi 

*********  *****************  ******************** 
I  h  =U 
I  '-1  =  ll 
I  H  =  ll 
I  K  =  II 
**************************** 

UALL'III.AIt     hlKIMb 

**  ***************************** 

uu    l  tin    -I-  l  ,  lib 

•M N  =  \i ♦  I  M  -  1 

I  H= I  tf  +  At  IMi^  J  *ti  IHJ  *«K 
LU'i  I  i  NUt 

*************  ****  *************** 
ilHDAIh      A  U  h      L  t  V  t  L  b 

******************************* 
tin     /-Mid     •\l  =  r',  1  h 
i\i  im  z  i  a  -  j 

\  K  =  '  J  U  -  I 

Al-  I    IN  )  =  At  INK  J  *  I  1  .-Ut  l'<*K  )  J 

A  I*!  t  =M  i»J  )  =  A    I  I  i „  K  )  *  l  1  .  - 1 )  l»  (.  i  j  K  J  ) 

tu  'i  irjut 
At-  ii j  =  i i*/e 

A  M  I  1  J  =  I  f  /  c' 
**************************************** 

I.  ALL 'J  I    Alt       Hit      ftllKK      t-'IKLt. 

**************************************** 
•/ 1 1  •<  K  =  1 1 

LMJ     hu'i     ■  i=  1  ,  1  S 

/.  l>KKZif  IjWrv  f  l   I  At-   I  .!  J  *L  I"  KKK    (.    vl  )   J  +  I  A  I"    I-MJ*LFPMM(NJ  )  J  *  (  .  Oil  1  ) 

HIM  I    I  IMUf 


L 
L 


***************************************** 
LALUUI.  Alt      I.    ir  '  IKI.l,  Yr-  h:\l  I       mil     MlfiKAIIUM 


******** 
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L 
L 


ill!) 


***** 
U  N  h  M  P 
ALKHm 
UiMcMH 
AL^H  A 
***** 
(XI)  J  i  IS 
***** 
UU  S«J 
Ah   I  N  i 

1 1-  =  I  r 

I  M  =  I  M 

i;iim  i  i 

I  H=  I  h 

nC  I  I. IK 

CM.) 


*  *  *  *  * 

u 

1 1/vlltVK 
J.  II l\t t  M 

***** 

(-  it K 
***** 
lvJ  =  1  t 
»H    'I 
A  -i  I  M  ) 
At"  II  ) 
AM  IN  J 
lit- 
I  M 
=  A  L  K  h  A 


**************************************** 


H-SA  I  J  *  'ilKK 

************************** 

Mll,KA|IU»l     AND    CALtllLAIt      lillAl..     POPULATION 

************************* 

1  t> 

-  Al   KI'A*UI-  I.N  ) 

-ai  k>HA  *tiM  i  NJ 


*  1-1 J 
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SAMPLE  OUTPUT  FROM  THE  YEAR  1985 


*The  "E"  notation  signifies  a  power  of  ten;  for  every  number  behind 
the  "E",  move  the  decimal  point  one  place  to  the  right. 
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******************* 


lVHb 


******************** 


PKHIJIJL  I  IUIj     LfcVhLb     1  iM      IHt     HAbIC     SELIUK 


btLHM                        WMKtU     DU 

H 

1 

i.  li^yvt 

/ 

r>_ 

U.«»tt9  M)t 

H 

5 

1).  •Sb'-J^M- 

b 

a 

i.atiM/t 

fa 

^ 

ii.ll"  fHt 

b 

b 

II.  1  Mrtrtit 

fa 

I 

0.1bl47E 

fa 

H 

0./5b.Sft 

b 

m 

U  .  5/  4bbfc 

fa 

1(1 

u.^abttSt 

fa 

1  1 

0.«14/bE 

1 

l<> 

O.blH  S«2t 

H 

1  * 

U. ] V/4  0E 

fa 

1  <J 

(».lbl.S.*E 

b 

AC1UAL     till  T  Hll 

0.14499t  / 

0.2&9/OE  fa 

O.ifab.Jbt  h 

o .  a  h  m  i  l  b 

0.1  1  0/St  fa 

0  .  1  9  b  b  3 1  fc 

U  •  1  b  1  a  7  fc  fa 

l».7.5b37fc  b 

0.i/9bbE  b 

I'.athrt4t  fa 

0.419/bE  b 

0.346 5 /E  b 

0  .  1  9  /  <4  0E  h 

l).lbl5_<fc  b 


SHOUT  FALL 

0.0  0  0  0  0t"  0 

0  .  0  0  0  0  0  fc  0 

0  .  0  0  0  (  0  t  0 

0  .  0  0  0  0  0  fc  0 

0.000006  0 

O.OOOOOE  0 

O.OOOOOE  0 

O.OOOOOE  0 

0.0000 0 t  0 

0.000( Ofc  0 

O.OOOOOE  0 

O.OOOOOE  0 

O.OOOOOE  0 

O.OOOOOfc  o 
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******************** 


fcNtKfeY  DtMANUS 


******************** 


******************** 


101  AL    Dfci'iAiMl" 


******************** 


LHAl 


ii  IL 


GAS 


K  L  t  C  1 


OIST 


)  .  iit>f>  1  hf  r> 


l>.34  3bHfc       H  U.felOiOfc       B  0.8020  3t       7  0.332  7  5E       7 


******************** 


rtASli.     sn;  I  OK 


******************** 


L'lM. 


ii  n 


(,AS 


fLtCl 


0IS1 


i.HHhSt-        b 


U.jy.-ibHt       «  11.^^41-        H  o.Si.SOOt        7  0.32706E        7 


******************** 


l.i    >*  t  KC  1  AL    stc  I  iIk 


******************** 


L  '  I  A  I 


1)11 


(>AS 


tLtCl 


D1ST 


"  .  J  1  1  •■>  f  t         1 


I)  .  0  U (J  00 1        u 


u.b»Ma«-      7  o.iaimu       /  o.«9i04fc      5 


********** ********** 


;t  b  J  OM\j  I  J  AL     Stt  I  L)K 


******************** 


'HI 


f:«s 


I-  LFL1 


OIST 


'I  . ''  l  •>  vit        s 


M.llilli'lllt  'I 


U.*/ libit        h  0.l56b?fc       7  0.7bl09E       a 


B-31 


********************         ivdb      ******************** 


**********     $ f A  I t     VAUlAbLhS     ************ 


SMUUIHtU     KKIIUIIL  I  I  VI  I  Y      iHtfL/b     SPbUl) 
bMUUIHtU     UlStOVtKY     MULIiHLltK 
•VUKMAL     UKILLINU     KAIh 
UNOlbCUVfcHbU    HiLlHWLJ 
LUMMULAIlVt     UlbL'UVtKcl)     UlLlbdLb) 


4.bJ903 
1 .38480 
dblSVl 70.00000 
*  1703 1*9000. 000 

M^SbbbVUUO.OOO 


***********     AivlLll.  LAKY     VAKMbLtb     ************ 


KtlUKIM     KAliU      lS/MrtlJ/lbHL/4     JjHtNU 

UKU.LlIMb     KAIt      l»/YtAKJ 

.MUKMAL     LIASLOVfcKY      IrtHL/YKJ 

ALIUAL     KKUOUCI 1V1 I Y IrtHL     U lbCUVt KtD /$ J 

Ol->LUVhWY     KAI[U 


d,  /r»484 
£?tta.S4<440.0U00<> 
b£bbbl  /  .00000 

o.lflbib 

1  . 0  0U00 


***********     h  i  J  iv  l  I  1  l.i  i'J  b     ****************** 
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